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ABSTRACT 
A virus causing yellow mosaic mottling on marigold prevalent in 
North India was isolated by mechianical sap inoculation and 
characterized. 
Experimental host range studies indicated that the virus has a 
modest host range, infecting 27 species of plants distributed in five 
families of dicotylednous plants viz. asteraceae, chenopodiaceae, 
cucurbitaceae, papilionaceae and solanaceae where as 45 species 
were immune and Petunia hybrids Vilm. carried the virus 
symptomlessly. Local lesions were produced on C. amaranticolor, C. 
murale, C. quinoa, Vigna sin^is, Beta vulgaris saccharifera and 
Trigonella foenum-graecum. Only C. i^maranticolorand C. quinoawere 
found to be most suitable for assay purpose. 
The virus is transmitted by mechanical sap inoculation as well as 
by three species of aphids viz. Aphis craccivora, A. gossypiiGIOM. and 
Myzus persicae Sulz. However, whitefly, Bemisia tabaci and two 
species of dodder, Cuscuta chinensis and C. reflexa failed totransmit 
the virus. The virus is not transmitted by soil from around the roots of 
infected plants. 
The virus has a thermal inactivation point of about 60°C, dilution 
end point between 10^ and 10"^ and infectivity is retained at room 
temperature (25±5°C) for 72 h and at 4°C for 162 h. 
Marigold yellow mosaic mottle virus (MYMMV) attained maximum 
concentration In N. glutinosa plants 12 days after mechanical 
inoculation. The concentration then slowly declined. MYMMV was 
isolated by a procedure involving extraction in 0.05 M PO^ buffer 
containing 0.1% thioglycollic acid and 0.1% sodium sulphite. The 
extract was clarified by 30% chilled chloroform. The virus was 
precipitated by 6% PEG and 0.125% NaCI, followed by one cycle of 
differential centrifugation. Removal of host contaminants was achieved 
by rate zonal density gradient centrifugation on linear sucrose columns. 
Purified preparations gave a spectrum typical of nucleoproteins 
when examined in a UV-spectrophotometer with A^,^ and A^^ ^ at 258 
and 240, respectively. Nucleic acid (RNA) constituted approximately 
18.52 per cent of the total particle weight as indicated by ^ ^J^^^ ratio 
for nticleoprotein which was 1.567. Infectious RNA was isolated from 
MYMMV by phenol chloroform method confirmed by orcinol test, which 
was about 1% infectious as compared to the infectivlty of standard 
inoculum. SDS-PAGE of viral capsid showed only one type of protein 
sub-unit having a molecular weight of c. 22000 daltons. 
Purified virus preparation showed Isometric particles of c. 29 nm 
diameter in the electron microscope. Virions showed a hollow centre 
due to stain entry. Ultrathin sections of MYMMV infected leaves of N. 
glutinosa showed virus particles distributed in all parenchymatous 
cells. The virus like particles were also observed in microbody like 
organelles which later were surrounded by vacuoles. 
I l l 
An antiserum was raised against MYMMV which had a titre of 
1:256 and the antigen titre of 1:512 as determined by tube precipitin 
test. The present virus showed serological relationship with two strains 
of cucumovirus viz. CMV-P and CMV-SS while it exhibited no 
serological relationship with PLRV. In immunosorbent electron 
microscopy, MYMMV showed close relationship with A/S to CMV-P and 
A/S CMV-SS, the maximum trapping and decoration was observed with 
these viruses. 
On the basis of its characteristics the virus causing yellow 
mosaic mottle in marigold is identified as a strain of cucumber mosaic 
virus belonging to the DTL-subgroup of CMV. 
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Chapter - 1 
INTRODUCTION 
The existence of life is not possible without the existence of 
plants because every aspect of life is tightened with the plants. 
Flowers are symbolic of beauty, love and tranquilty. They form 
the soul of garden and convey the message of nature to man. Flowers 
have served as an invaluable aid for personal make-up, an excellent 
offering to God, and Source of inspiration to poets. Since the beginning 
of civilization man has been accustomed to use flowers to make his 
festivals more festive. In Sanskrit literatureof the ancient past flower 
epigrams have been used copiously to interpret romantic situations. 
Being so much involved with man's daily life, flowers have developed 
a language of their own and can speak volumes of human sentiments. 
AZTEC OR AFRICAN MARIGOLD {Tagetes erecta Linn.) is 
known by different names in different Indian languages such as in 
SANSKRIT-Sthulapushpa, Sandu ganduga; HINDI-Genda, gultera; 
BENGALI-Genda; GUJRATI-Guljharo, makhanala; MARATHI-Rajia-
Chaphul, Zendu; TELAGU-Bentichettu; TAMIL.-Tulukka-Samandi; 
KANNAD-Seemeshamantige, Chandumallige; MALIALAM-
Chendumalli; ORIYA-Gendu; Bombay-Gul-jafari, makhmal; Punjab-
Tangla, mentok, genda. Its native place is Mexico and other warmer 
parts of America and naturalized elsewhere in the tropics and sub 
tropics. 
There are several species of Tagetes such as - T. minuta Linn., 
1-2 m tall, native to South America; T. patula Linn. (French marigold), 
30-45 cm high, native to Mexico, cultivated in gardens all over India up 
to an altitude of 1350 m; T. lucida Cav. (Sweet-scented marigold), 30-
45 cm. tall, native to Mexico; T. tenuifolia Cav. Syn. T. signata Bartl. 
(strip marigold), 30-60 cm high, native to Mexico, belong to the family 
compositae. 
A stout, branching herb, 60 cm tall, extensively cultivated as a 
border-annual in gardens all over India. Leaves strong scented, 
pinnately dissected : segments 1-5 cm long, oblong or lanceolate, 
serrate. The plants produce flov^er heads solitary, yellow to orange, 5-
10 cm across and have many rays; long clawed sometimes 2 lipped or 
equilled, involucre campanulate; achenes 6-7 mm long, pappus scaly. 
The Aztec marigold is very popular as a garden plant and for cut 
flowers owing to its bright yellow flowers and beautifully dissected 
foliage. Cultivation is simple as its major requirements are a nourfehing 
soil and sunny weather. It is propagated from seeds and cuttings of 
fresh stems, planted in moist soil. A crop of T. erecta L. harvested in 
full bloom, yielded 3000 kg flowers and 30,000 kg herb per hectare 
(Pratap Singh, 1956; Chopra et al, 1963). 
Marigold {Tagetes spp.) an economically important crop yield 
strongly aromatic essential oils, all of which are known as TAGETES 
OIL. The leaves specially the tender ones, are the richest in oil. It is 
commercially produced from T. minuta and T. patula in France and 
Australia and to a small extent in India. The leaves of T. erecta L. are 
rich in Indian Tagetes oils which give yield, 0.050%; 6^°^^, 0.9526, 
"2o" D, 1.5027, '""D, +4.2°; ester value, 50.2; and carbonyls (C^^H^eO), 
45.9% which are higher than in other parts of the plant i.e. bloom, 
flowers and stems (Chopra etal, 1963). The tagetes oil is mainJy used 
for the compounding of high grade perfumes. It is also a fly-repellent 
and is credited with larvicidal properties. In the past, it was used in 
medicine, but being toxic Its use In pharmacy has almost been 
abondoned (Chopra et al, loc cit.) A sample of oil {'^D, 8.7°; acid 
value, 0 .1; and sap val., 39.8} contained : d-limonene, 32.0; ocimene, 
25.6; l-linalyl acetate, 12.7; l-linalool, 9.8; tagetone, 6.2; and n-nonyl 
aldehyde, 2.4% (Sharma et al, 1961; Chopra etal, loc. cit.). 
The flowers contain several pigments such as Quercetagetin 
(3:3':4':5:6:7-hexahydroxyflavone) and quercetagetrin (quercetagetin 
-7-glucoside; present only in early season flowers) have been isolated 
from the Indian types, and Kaempferitrin and helenien (a dipalmitic 
acid ester of lutein 0.74%) from Rumanian varieties. Several 
carotenoids have been identified in the flowers from Surrey (U.K.) and 
from Florida (U.S.A.). The aqueous extract of flowers showed activity 
against Gram-positive bacteria (Valadon & Mummery, 1967). The 
seeds contain 24% protein and 20% oil on dry basis. The roots contain 
a number of bitienyls and a little terthienyl; these compounds show 
nematicidal activity. An extract of the roots is reported to be lethal to 
the eggs of Meloidogyne (Earle et al, 1962; Horn & Lamberton, 1963). 
An infusion of plant is used against rheumatism, cold and bronchitis. 
The leaves are used in kidney trouble, muscular pains and ear ache. 
The florets are used in the treatment of eye diseases and ulcers. 
The marigold {Tagetes spp.) is said to be subject to very few 
diseases because of its nematicidal and medicinal properties. The 
leaves and flowers are infected byAlternaria zinnie Oppe (Shome and 
Mustafee, 1966). A bacterial blight has also been reported from 
Madras; it results in severe discolouration due to lesions on the leaves 
and leads to defoliation (Rangaswami & Gowda, 1963). 
Like other pathogens which affect the aesthetic value of 
ornamental plants, viruses are of significant importance due to the 
absence of therapeutic control measures against them in plants. 
Viruses have a economic importance in Floriculture due to severe 
losses caused by reduction in growth, number and size of flowers. 
Thus, viruses are a potent threat as well as limiting factor in 
Floriculture. Several viruses such as Aster yellows, clover dwarf, 
Colorado red node, cucumber mosaic. Lettuce mosaic, Potato yellow 
dwarf, Poty virus. Tobacco mosaic. Tomato leaf curl. Tomato spotted 
wilt, Trianthema mosaic and Citrus exocortis viroid have been reported 
from marigold {Tagetes sp ) . 
During the survey of virus diseases in and around Aligarh district 
(U.P.) in 1992-93, a disease of marigold characterized by severe 
yellow mosaic, mottling, reduction in size of leaves and number of 
flowers was found. Severely affected plants showed reduction in fidwer 
yield and quality. Detailed studies with regard to the yellow mosaic 
mottle disease of marigold were therefore, undertaken to establish the 
identity of the causal agent of this disease and characterize the virus 
isolate causing yellow mosaic and mottle disease in marigold (Tagetes 
erecta L.) at Aligarh. 
REVIEW 
OF 
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REVIEW OF LITERATURE 
Marigold {Tagetes erecta L.)is attacked by a number of viruses 
belonging to different plant virus groups. The most common symptoms 
displayed by the virus infecting marigold plants are mosaic mottling, 
severe mosaic, yellow mosaix), stunting and less flowering. 
From the survey of literature it is evident that the mosaic 
disease of marigold was reported for the first time in 1949 from 
Denmark in the annual survey of the state phytopathological 
service. In India a mosaic disease on marigold (Tagefes erecta L.) was 
reported from Coimbatoor (Tamil Nadu) for the first time by Usman et 
a/(1972) followed by reports of Joshi & Dubey (1972) from Gorakhpur 
(U.P.), Sang &Varma (1975) from lARI, New Delhi, Naqvi ef a/(1981) 
from Aligarh (U.P.), Rahaman & Rao (1992) from Hydrabad (A.P.). 
Marigold has been reported host of several viruses such as Curly 
top and Aster yellows viruses (Severin & Freitag, 1934; Freitag & 
Severin, 1936); Colorado red node virus (Thomas, 1949); TMV (Well, 
1961); tomato spotted wilt virus(Helms etal., 1961); Clover dwarf virus 
(Musil, 1966); Trianthema mosaic virus (Singh and Verma, 1975); 
Cucumber mosaic virus (Nienow, 1948; Joshi and Dubey, 1972; Sang 
& Varma, 1975); tomato leaf curl virus (Sashtry, 1984); Potato yellow 
dwarf Rhabdovirus (Lockhart, 1989) Potyvirus (Naqvi et al., 1981; 
Rahman & Rao, 1992); Citrus exocortis viroid (Fonsica & Kitajima, 
1993). 
Severin & Frietag (1934) reported ornamental flowering plants 
naturally infected with curly top and Aster yellows in California. To the 
plants from which yellows were transferred to Aster and Celery by the 
leafhopper Cicadula divisa Uhl. the following plants were also added: 
Eschscholtzia californica (Papaveraceae), Godetia grandiflora 
(Onagraceae) and among the compositae, Tagetes erecta. Freitag and 
Severin (1936) experimentally transmitted curly top of beet in the 
green house by the leaf hopper Eutettix tenellus to 92 species of 
ornamental flowering plants, in 73 genera belonging to 33 families, 
including Dianthus barbatus, Nigella damascena, Papavernudicaule, 
P. Orientale, Hesperis matronalis, Reseda odorata, Pelargonium 
hortorum, Tropaeolum peregrinum, Clarkia elegans, Primula spp., 
Phlox drummondii, Myosotis scorpioides, Salvia splendens, Digitatis 
ambigua, Chrysanthimum frutescens and Tagetes patula . Apart from 
stunting, chlorosis, and curling of the leaves, many of the infected 
plants developed cleared veins, while some showed a roughening of the 
lower surface of the leaves after the veinlets had cleared, both being 
reliable symptoms of curly top on sugar beet; the veins in these plants 
developed numerous tiny, wart like elevations, papillae and swellings 
resembling galls developing in the distorted, thickened veins as the 
disease progressed. Young infected plants frequently produced no 
flowers, while older plants infected before blooming often developed 
few, dwarfed malformed flowers. 
Nienow (1948) identified and characterized a virus causing 
mosaic in Martensia virginica by serological and crossprotection tests, 
host range and insect transmission as cucumis virus-1 (Cucumber 
mosaic virus). Among the plants contracting infection on inoculation 
with the virus from M. virginica were Tagetes patula and 11 other 
species of plants. Stem and petiole necrosis was caused on T. patula. 
Sap inoculation from T. patula resulted in the development of local 
lesions on cowpea leaves. 
Thomas (1949) carried out host range studies of the Colorado 
red node virus and found that five crop plants namely, Okra {Hibiscus 
esculentus), tobacco, cucumber, squash and vegetable marrow; four 
ornamentals i.e. dwarf french marigold {Tagetes patula), Picardy 
Gladiolus, Caragana sp., and black locust {Robiniapeudo acacia) and 
some common weeds were infected by Colorado red node virus. He 
observed that the virus induced red local lesions on T. patula and 
Chenopodium album, a streak on Gladiolus and mottling or vein 
clearing on all the other hosts. A severe mosaic of Tagetes patula due 
to a virus transmissible by sap inoculation to Nicotiana glutinosa and 
Datura stramonium was described in annual servey of data collected 
by state phytopathological service, Lyngby (1951). 
Couch & Gold (1954) detected flexu ous rod-shaped particles, 
746 X 22 nm, in lettuce plants of the Bibb and great and Lakes varieties 
naturally infected by lettuce mosaic virus and in the floral and 
vegetative tissues of Zinnia elegans and Tagetes erecta, the vegetative 
tissue of chicory and aster, and in local lesions on Gomphrena globosa 
inoculated with the virus from lettuce. Concentration of the rods in the 
droplet patterns was less than 10^° per gm fresh weight. They have also 
observed the application of methods tending to enhance infectivity of 
the virus inoculum preparations failed to give an appreciable increase 
in the number of particles recovered from the host tissue. 
The report of the Ministry of Agriculture for Canada for the year 
ended March 31, 1958, stated that a type of purple top disease of 
potatoes was due to a virus that corresponded more closely to tomato 
big bud than to aster yellows virus was found in the field on marigolds 
(Tagetes and Calendula), rutabaga (Swede), tomato, petunia, wild 
radish, milkweed {Asclepias syriaca), and red clover, the last three 
probably acting as sources of infection of potatoes. 
Well (1961) reported that ornamental plants served as 
symptomless carriers of tobacco mosaic virus. Latent systemic 
infection was found in Amaranthus tricolor, Cleome spinosa, 
Gypsophila elegans, Kochia scoparia, Caiendu-ia officinalis, China 
aster. Sunflower, Tagetes patula, Zinnia elegans, Iberis umbellata. 
Antirrhinum majus and Linaria marroccana. 
Helms et al (1961) described a disease of groundnut in 
Queensland, previously referred to as 'chlorosis'. It was shown to be 
caused by tomato spotted wilt virus, and the name 'spotted wilt of 
groundnut' was suggested. Erigeron bonariensis, Tagetes minuta and 
subterranean clover were recorded as new hosts. In their findigns they 
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reported that the disease was not seed borne, Intact seeds developed 
lesions, and were malformed. Infective virus was found in tissues of the 
integuments of immature seed. 
Musil (1966) found that leaf hopper M. laevis transmitted the 
clover dwarf virus from white clover to 8 of 14 species tested and most 
effectively to Chrysanthemum carinatum, Matricaria discoidea, 
Tripleurospermum maritinum var. inodorum, Capsella bursopastoris 
and Stellaria media. Tagetes erecta was a new host. 
Joshi and Dubey (1972) reported a mosaic disease of marigold 
{Tagetes erecta L.) in U.P. The symptoms observed were mosaic 
mottling and leaf distortion. The virus, identified as cucumber mosaic, 
was transmissible to marigold and other hosts by Myzus persicae and 
Aphis gossypii and by sap inoculation. It was a new record of CMV 
infection on T. erecta in India. In the same year Usman ef a! (1972) 
observed a mosaic disease on marigold (7. erecta L.). They reported 
that the disease was transmitted by grafting but not by mechanical 
inoculation or by seed, aphids or whitefly. 
Sang & Varma (1975) reported marigold mosaic virus in lARI, 
New Delhi. The virus isolated from diseased Tagetes erecta plants had 
a wide host range. Its thermal inectivation point was 55°C, dilution end 
point 1:6000 and ageing in vitro at 30±2°C for 4 days and at y^C for 
7 days. The virus was transmitted by Aphis craccivora, A. gossypii, A. 
pseudobrassicae and l\/lyzus persicae in a stylet borne manner. They 
observed that A. gossypii could also acquire the virus through stretched 
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parafilm membrane; transmission was better when the aphids were fed 
on concentrated preparations than extracts of diseased leaves. The 
virus identified as a member of cucumber mosaic virus group 
resembled that Isolated by JoshI and Dubey (1972) but had lower TIP 
and DEP and produced only local lesions on cowpea. 
Singh and Verma (1975) reported a mosaic disease of a 
medicinal plant Trianthema portulacastrum L. affecting c. 60% of the 
plants. Symptoms were a mosaic with slight reduction in leaf size and 
fewer flowers. The virus, designated Trianthema mosaic virus was 
trasmitted by grafting and sap. Its host range was restricted to 
Argemone maxicana, Nicotiana glutinosa, N. rustica, tobacco, 
Tagetes erecta and Trichosanthes dioica. 
Naqwietal. (1981) isolated a mechanicallytransmitted virus from 
diseased Tagetes erecta with rod-shaped particles, c. 675 nm long. 
U.V. absorption was max. at 260 nm and min. at 234 nm; A260/A280 
ratio was 1:28. The virus sedimented as a single band in sucrose 
density gradient columns and had one centrifugal component with a 
sedimetation coefficient of 152S. They suggested that MMV may be a 
member of the potyvirus group and serologically related to Datura 
mosaic and tobacco etch viruses. The virus caused leaf mottling and 
green mosaic, stunting of plant, discolouration oi Nicotiana sanderae 
flowers and suppression of spines of Datura metel fruits and readily 
transmitted through sap and by Myzus persicae. 
Sastry (1984) grouped all Indian isolates of tomato leaf curl virus. 
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transmitted by Bemisia tabaci into 3 strs. on the basis of symptoms on 
tomato. Weed hosts as Acanthospermum hispidum, Ageratum 
conyzoides, Parthenium hysterophorus, Datura stramonium. 
Euphorbia geniculata and Gynaridropsis pentapt)ylla were source of 
inoculum for tomato. The ornamentals, Zinnia elegans, hollyhock and 
Tagetes erecta were also naturally infected. 
Lockhart (1989) reported that Potato yellow dwarf rhabdovirus 
(PYDV) which has been reported from the midwestern USA for the past 
40 years occurred naturally in Minnesota in ornamental tobacco 
{Nicotiana alata), marigold {Tagetes erecta), Zinnia elegens and 4 
O'clock {Mirablis jalapa) causing severe stunting, chlorosis, vein 
yellowing and systemic vein and leaf necrosis. He also reported that 
PYDV occurred naturally in white clover {Trifolium repens) in mixed 
infections with clover yellow vein potyvirus. The Minnesota PYDV was 
identified serologically as a PYDV-S (Sanguinolenta) isolate, and its 
biological properties were similar to those of PYDV-S isolate. 
Rahaman and Rao (1992) investigated a virus disease of T. 
patula in Andhra Pradesh which was characterised by ring mosaic and 
oak leaf pattern symptoms on the leaves and varigation in flower colour. 
The virus was transmissible by sap and wedge grafting and by Aphis 
craccivora, Myzus persicae and Uroleucon compositae in a non 
persistant manner. Transmission through seed was 2.7%-12.7%. The 
TIP was 60°C, longevity in vitro 50 hrs and DEP, 10-*. The virus particles 
were found to be flexuous rod-shaped measuring 748 x 13 nm and 
resembled those of a potyvirus. 
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Fonseca and Kitajima (1993) identified French marigold {Tagetes 
patula) as a new experimental host of citrus exocortis viroid. Following 
artificial inoculation, T. patula did not develop any diagnostic 
symptoms, but CEV infection was confirmed by dot blot hybridization 
assay with CEVd- RNA transcripts. It was suggested that T. patula may 
be used as an additional test plant for CEVd indexing and also to 
multiply this viroid for analytical purposes. 
MATERIALS 
AND 
METHODS 
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MATERIALS AND METHODS 
1 . Maintenance of Virus Inoculum 
(i) Raising of Test Plants 
All the plants were grown in clay pots of 4" and 6" diameters, filled 
with a mixture of soil, sand and compost in a ratio of 2:1:1. The soil 
mixture was sterilized by autoclaving for one hour at a pressure of 20 
lbs per square inch. The clay pots were sterilized by rinsing in 4% 
formalin solution and the soil mixture autoclaved 24 hours earlier and 
seived before use. 
Seeds were sown in 12" clay pots for raising seedlings except for 
plants belonging to cucurbitaceae and leguminosae which were raised 
singly by direct sowing in clay pots. Seedlings were transplanted singly 
in clay pots of 4" and 6" diameter at 2-3 leaf stage, when they were 
about 2 weeks old. 
For inoculations the plants were used two weeks after 
transplantation. All the plants were kept in an insect proof glass house. 
(ii) Virus Culture 
Young leaves of naturally infected plant of marigold {Tagetes 
erecta) showing symptoms of yellow mosaic mottling were macerated 
using mortar and pestle (with simultaneous addition of 0.05 M 
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phosphate buffer having pH 7.0) The macerate was filtered through 
double-layered cheese cloth. Attempts of single lesion inoculations 
were made to maintain a pure virus culture on Nicotiana spp. at 4-5 leaf 
stage. Inoculations were madeby weekly mechanical inoculation on to 
healthy plants of Nicotiana glutinosa to increase culture. Periodic 
checks were made on assay host, Chenopodium amaranticolor to 
ensure biological purity of the virus. 
(iii) Source of Inoculum 
Young leaves of Nicotiana glutinosa a propagation host were 
used as a source of inoculum, prepared by macerating them in a mortar 
with pestle in 0.05 M phosphate buffer pH 7.0. For each gram of 
infected leaves 2 ml of buffer was used and the macerate was filtered 
through double layered cheese cloth. The sap thus obtained was used 
as standard Inoculum. 
2. T ransmiss ion 
(1) Mechanical 
Three to fou r lower, fully expanded leaves of the plants 
predusted uniformaly with carborundum (500 mesh) were used for 
mechanical inoculation of the virus. The standard inoculum was applied 
gently but firmly on the upper surface of the leaves with the help of 
forefinger by keeping the other hand beneath the leaf to be inoculated. 
The inoculated leaves were rinsed with gentle stream of water before 
the inoculum on the surface of the leaves dried up. 
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(ii) Biological Transmission 
Attempts were made to find out the vectors of virus in the field. 
Transmission by insects, soil, dodder {Cuscuta spp.), seeds, grafts 
and pollen were studied. 
(a) Insect Transmission 
Transmission by Aphids 
Adult aphids found transmitting the disease during preliminary 
investigations were used to study virus vector relationship (non-
persistant, semi-persistant, or persistant). 
Raising of Virus Free Aphids 
Viviparous adults were starved for 2,4,6 and 8 h at room 
temperature in a petridish and then placed upon a detached leaf of an 
appropriate healthy host in a petridish. The atmosphere inside the 
petridishjWas made humid by covering the inner surface of the petridish 
with wet filter paper. Newly born nymphs were transferred to a fresh and 
healthy test plant. The aphid colonies thus developed were used as 
healthy colonies of the virus free aphids. The aphids from one plant to 
other were transferred with the help of moistened tip of camel's hair 
brush type A, No. 1. Colonies of virus free aphids were raised on 
suitable host plant in cages having wooden frames. The top and two 
sides of the cage were closed by glass and the remaining sides were 
closed by wire gauze. A flourescent tube was fixed in the cage to keep 
the aphids under long day conditions to get the apterous (wingless) 
aphids. The plants were kept on a zinc tray and the bottom of the tray 
was covered with a layer of moist sand to prevent the passing of the 
aphids through chinks between the tray and the rim of the cage. 
(iii) Mode of Transmission 
Non-Persistant 
Pre-acquisition starvation period - 1 to 2 h. 
Acquisition access period - 2 to 5 min. 
Inoculation access period - 24 h. 
Number of aphids/plant - 10 
The nymphs were starved for 1 to 2 h in a petridish having the 
inner surface covered with a wet piece of filter paper before an 
acquisition access period of 2 to 5 min on the leaf of the diseased plant. 
After allowing acquisition feeding time, the nymphs in batches of 10 
were tranferred to each healthy seedling and the plants were covered 
with Leztz cages for an inoculation access period of 24 h. The nymphs 
after the end of inoculation access were killed by spraying with .02 per 
cent cypermethrine (insecticide) and the plants were kept in an insect 
proof glasshouse for the development of symptoms. Back inoculations 
from each plant were made to an appropriate local lesion host, i.e. 
Chenopodium amaranticolor. 
Persistant 
Acquisition access period - 24 h 
Inoculation access period - 48 h 
Number of Aphids/plant - 10 
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The virus free aphids, without subjecting them to starvation were 
allowed 24 h acquisition feeding time on diseased leaves. After the 
completion of acquisition feeding, 10 aphids were transferred to each 
test plant where they were given an inoculation feeding period. Aphids 
were killed by spraying an insecticide (cypermethrine 0.02% solution). 
The test plants were kept in an insect proof glasshouse to observe the 
development of symptoms. Back inoculations from the plants on which 
aphids were given inoculation feedings were made on a local lesion 
host, i.e. C. amaranticolor. 
(b) Transmission by Whiteflies 
Source of Virus Free Whiteflies 
Whiteflies (Bemisia tabaci Genn.) collected from field were 
caged on a healthy plant of N. glutinosa for egg laying. After 10 days 
the adults were removed from the cage. New born whitefly adults 
developing after 7-8 days were allowed further multiplication. Insect 
colonies so raised were virus free and used for transmission studies. 
Handling of Whiteflies 
The method described by Rathi and Nene (1974) was used for 
handling whiteflies. 
Transmission 
Non-viruliferous white flies were allowed acquisition and 
inoculation access period of 24 h each on diseased and healthy plants, 
respectively. Cypermethrine (0.02%) was sprayed to kill the white flies 
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after inoculation. The test plants were kept for observation of symptoms. 
(c) Transmission by Dodder 
Seeds of dodder {Cuscuta reflexa Roxb. and C. chinensis Lan.) 
were germinated on moist filter paper placed in petridish and then 
transferred in 4" clay pots, sterilized with formalin (4%) and 
containing sterilized soil mixture. When the dodder plants were about 
6" long, they were trained on a suitable host plant susceptible to the 
virus and the host plants (on which the dodder was trained) were 
inoculated after one week. When the dodder had been established on 
inoculated plant, a healthy test plant in another pot was placed near the 
pot (having inoculated plant with dodder established on it) and the tips 
of the branches of dodder were detached, placed in the axil of the 
healthy test plant and allowed to establish there. The plants were left as 
such for about 2 months to develop the symptoms. Back inoculation was 
made on C. amaranticolor io confirm the presence of virus. 
(d) Soil Transmission 
Soil around the naturally infected marigold plants was collected 
from the field and sieved to remove roots and debris etc. Such soil was 
divided into two parts. One part was filled in a gunny bag and was 
autoclaved at 15 lbs/inch^ for one hour and the other part of soil was 
left as such and was filled in pots. Healthy seedlings were sown in pots 
containing sterilized and unsterilized soil. Plants of both the sets were 
kept for observation of symptoms in an insect proof glasshouse. The 
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presence of virus was confirmed by making back inoculations on the 
test plants. 
(e) Seed Transmission 
To determine seed transmission of the virus, experiments were 
carried out as follows : 
Sowing on Method 
Seeds of marigold were collected from infected and healthy 
plants and were sown in autoclaved soil in an insect proof glass-house. 
After seedling emergence, the plants were observed till 5-6 weeks and 
were sprayed with 0.02% cypermethrine, an insecticide at weekly 
intervals to prevent insect infestation. 
Infectivity Test Method 
Leaf tissues of such plants (grown as above) were macerated in 
0.05 M pH 7 phosphate buffer and the sap obtained was inoculated 
manually on local lesion host, C. amaranticolor to ascertain the 
presence of virus in them. 
3. Selection of Local Lesion Host 
Various local lesion hosts of the virus found during the host range 
studies viz. Beta vulgaris saccharifera L., Chenopodium album L., C. 
amaranticolor Coste and Reyn., C. murale L., C. quinoa Willd., 
Trigonella foenum-graecum L., Vigna mungo L., V. radiata and V. 
sinensis L. were inoculated with standard inoculum. The plants were 
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kept in an insect-proof glass house to develop symptoms. The local 
lesions developed on the inoculated leaves of these plants were 
counted and compared to select the most suitable local lesion host. 
4. Host Range and Symptomatology 
Plants belonging to different families were screened for the 
suceptibility to the virus by mechanical inoculation using standard 
inoculum. At 4-6 leaf stage, atleast 3 plants of each species/cultivar 
were inoculated with standard inoculum and the same number of plants 
were left as control. Inoculated plants were observed till 40-50 days for 
the development of the symptoms. All inoculated plants, including those 
which did not show sign of the disease were tested by back inoculation 
on C. amaranticolorio find out latent infection, if any. 
5. Propert ies of the Virus in Plant Sap 
(1) Biophysical Properties 
The following technique for bio-physical properties (described 
by Noordam, 1973) were employed -
(a) Di lut ion End Point (DEP) 
The sap of virus infected N. glutinosa plants was obtained by the 
method described earlier and ten fold dilutions (10-\ 10-2, lO-^, 10^ 
10-^ 10-«, 10 ^ 10-« and 10-«) were made of the sap by the addition of 
double distilled water. Three plants of C. amaranticolor hawing 8 leaves 
of equal size and same leaf area were inoculated by the each 
dilution. After 4 days of inoculation local lesion developed on the leaves 
were counted. 
(b) Thermal Inactivation Point (TIP) 
The sap was obtained from young infected leaves of N. glutinosa 
by the method mentioned earlier. Two ml of sap in each of the 11 test 
tubes was taken. One test tube was left as such at room temperature 
and other were heated at 40°, 45°. 50°, 55° 85° and 90°C for 10 
min in a water bath and cooled immediately in running water. The test 
tubes were held in water bath in such a way that the water level in the 
bath remained 2-3 cm above the sap level. Three plants each of C. 
amaranf/co/or having 8 leaves of equal size were inoculated with the 
sap of each test tube and the local lesions were counted after 4 days 
of inoculation. 
(c) Longevity in vitro (LIV) 
Longevity in vitro is defined as the time that virus in crude juice 
kept at room temperature remains infectious. Sap was prepared by 
macerating the young infected leaves of N. glutinosa and was divided 
into two parts. One of them was stored at room temperature (20±5°C) 
while the other at 4°C. Three plants of C. amaranticolorhavmg 8 leaves 
of equal size were inoculated with the sap separately at 6 h intervals 
upto several days. Local lesions developed on Inoculated leaves were 
counted. 
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6. Purification 
(I) Selection of Propagation IHost 
To ascertain the appropriate plant species/cultivarfor maximum 
virus concentration, various systemic hosts of the virus causing yellow 
mosaic mottle disease in marigold viz. Nicotiana glutinosa, N. rustica, 
N. tabacum var. Harison special type FCV, var. CTRI special type FCV, 
Cucumis melo utilismus, Cucumis sinensis, petunia hybrida and 
Tagetes erecta were inoculated with standard inoculum. The most 
suitable propagation host for the purification of the virus was selected 
on the basis of availability of the host and concentration of the virus. 
Ten plants of each species were inoculated with standard inoculum and 
the inoculated plants were assayed for active virus after intervals of 
2 days up to 20 days of inoculation on local lesion host, C. 
amaranticolor. 
Harvesting Time 
To find out the time at which the virus attained maximum 
concentration in the host following sap inoculation, the infectivity of 
the virus was assayed on C. amaranticolor at different time intervals 
after mechanical inoculation. 
For this purpose a batch of suitable propagation host of the same 
size and age was inoculated with the virus. At intervals of 2,4,6,8,10,12, 
14,16 days three plants were selected randomly from these inoculated 
plants and the sap from young apical leaves was obtained. The plants 
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of C. amaranticolorwere inoculated with the sap obtained from these 
young apical leaves and the local lesions were counted. 
(li) Concentration of the Virus In Different Parts of Propagation 
Host 
Ten N. glutinosa plants inoculated 12-14 days earlier were 
uprooted carefully and washed. The excess water of the plants was 
dried up with the help of blotting sheets. The different parts of the plant 
(leaf, stem root and flowers) were cut into small pieces separately. 
Equal amounts of these parts were homogenized separately with 
phosphate buffer (0.05 M pH 7.0) and filtered through double layered 
cheese cloth. The inoculum taken from these plants parts was assayed 
on local lesion host, C. amaranticolorand the lesions were counted for 
comparison. 
The flowers from infected N. glutinosa were picked up and all 
flower parts i.e. sepal, petal, androecium and gynaecium were cut 
separately. Equal amounts of these parts were homogenized separately 
with phosphate buffer (0.05 M, pH 7.0) in a watch glass with the help 
of glass spatula. The inoculum prepared from these parts was assayed 
on C. amaranf/co/orand the local lesions were counted for comparison. 
(ill) Standardization of Extraction Medium 
(a) Effector Buffer 
Boric acid borex, citrate, citrate phosphate, acetate and 
potassium phosphate buffers (0.05 M) having different pH values were 
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prepared by the method of Gomori (1955) to test their suitability as 
extraction medium. The pH of the buffers was measured by Elico pH 
meter, model LI-10. 
Sap was extracted from young infected N. glutinosa leaves in 
each buffer separately and was inoculated on local lesion host, C. 
amaranticolor. 
(b) Effect of Moiarity 
After determining the most suitable buffer and pH value for 
maximum extraction of active virus, different molarities, 0.025 M, 
0.05M, 0.1M, 0.2M, 1 .OM and 2.0M of the same buffer at that particular 
pH were tried with a view to assess their suitability for extraction. 
(c) Effect of Additives 
To find out the effect of additives on the virus infectivity, various 
reducing and chelating agents (sodium sulphite, EDTA and thioglycoljc 
acid) were added to the inoculum. These additives were added either 
alone or, in combination with others. 
(iv) Clarification of Extract 
Attempts were made to clarify the crude sap of virus infected 
leaves by the addition of organic solvents (butanol, chloroform and 
carbon tetrachloride) either separately or in combination. The requisite 
amount of the solvent was mixed and the mixture was kept for 15 min 
at 4°C. The aqueous layer was separated by low speed centrifugation 
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(6.000 rpm for 10 min ) and the active virus content was assayed on 
C. amaranf/co/or plants. 
(v) Precipitation of the Virus 
For the precipitation of the virus polyethyleneglycol (PEG MW 
6000) was tried using 2,4 and 6 per cent separately with or without 
sodium chloride (NaCI). After the addition of requisite amount of PEG 
to the clarified extract, the mixture was stirred for 30 min to allow 
precipitation. The precipitate was pelleted by centrifugation (9,000 rpm 
for 20 min). The pellets obtained were dissolved separately in 
phosphate buffer (0.05 M, pH 7.0) and kept overnight at 4°C. After 
keeping it overnight, it was recentrifuged at 10,000 rpm for 10 min. The 
supernatant, thus obtained was assayed on C. amaranticolor for 
comparison of virus infectivity. 
(vi) Density Gradient Centrifugation 
Density gradient centrifugation was performed by the method of 
Brakke (1960) using 40, 30, 20 and 10% sucrose solutions prepared 
in 0.05 M phosphate buffer pH 7.0. Linear sucrose gradient columns 
were prepared by layering 6,6,6 and 4 ml of 40, 30, 20 and 10% sucrose 
solutions, respectively in 1 x 3 inch tubes. The solutions of decreasing 
concentration from the bottom, were layered In gradient tubes and kept 
overnight in a refrigerator (10°C) to get a linear gradient. 
Next day, 2 ml freshly prepared partially purified virus suspension 
was loaded on each tube with the help of LKB varioperex pump and 
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centrifuged at 24,000 rpm in swinging bucket rotor (SW-25.1) for 2 h 
in a Beckman L7 65R ultracentrlfuge. Different dilutions of partially 
purified virus suspension and different lengths of time, ranging from 2-
4 h were applied to get an ideal virus band. The tubes were taken out 
after the centrifugation and examined in a dark room by projecting a 
narrow beam of light from the top. The light scattering band (virus zone) 
was removed from the tube with the help of a 20 gauge 10 cm long 
needle bent twice at right angles and attached to a hypodermic syrings. 
The removed sample was diluted with the buffer (0.05 M phosphate pH 
7.0) and the virus pelleted by high speed centrifugation (35,000 rpm 
for 2 h). The pellet obtained from the high speed centrifugation was 
resuspended in the above mentioned buffer and centrifuged at low 
speed (5,000 rpm for 10 min.) The supernatant, thus obtained was 
purified virus preparation and was inoculated on C. amaranticolor to 
determine the infectivity of the virus. 
7. UV - Absorption Spectrum 
After density gradient centrifugation the purified virus 
preparations were screened in a CE 594 double Beam 
Spectrophotometer after diluting it suitably in UV range. Values of 
Amax/A,„in' Ajgo/A g^o and A^ gg/A^ eo were determined to get the 
appropriate percentage of viral nucleic acid by comparing the data with 
standard graph (Gibbs and Harrison, 1976). By using an automatic 
recorder the spectral curves (absorbance Vs. wave length) were 
recorded. 
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8. Physiochemical Properties of the Virus 
(i) Determination of RNA Percentage in Virus 
The method described by Gibbs and Harison (1976) was used to 
determine the percentage of RNA. They related the ratio of Ajgp/Ajgg of 
purified viruses to their RNA percentage giving a quadratic regression 
curve. It was calculated by using the formula : 
A260/A280 = 0.9320 + 0.0454 (RNA%) - 0.0006 (RNA%)2. 
(ii) Determination of Extinction Coefficient of Virus 
Extinction coefficient (E^^^°^* ) which is the optical density of a 
1 cm column of 1 mg/ml preparation of purified virus is correlated with 
RNA per cent. Gibbs and Harrison (1976) demonstrated a linear 
regression relationship between the extinction coefficient at 260 nm of 
purified virus preparation and the RNA per cent. Extinction coefficient 
can also be represented by the formula : 
E° '^J'= 1.531 + 0.205 (RNA%) 
(ill) Determination of Density of Virus and its Partial Specific 
Volume (V) 
Buoyant density of virus was calculated from RNA percentage of 
virus using the standard quadratic regression curve and also by the 
following formula (Gibbs and Harrison, 1976). 
Density = 1.2922 + 0.0011 (RNA%) + 0.0001 (RNA%)2 
2«J 
The partial specific volume (v) being reciprocal to buoyant 
density was also calculated from the above density value. 
(iv) Determination of Molecular Weight of Virus Coat Protein 
Molecular w/eight of the virus coat protein was determined by 
using SDS-Polyacrylamide gel electrophoresis (SDS-PAGE) as the 
method described by Laemmli (1970). The molecular weight of the 
protein subunit of the virus was estimated by the relative mobility (Rf) 
of a known molecular weight proteins; Myosin heavy chain (200 KD), 
M-Protein (160 KD), a-actinin (11OKD), Actin (46 KD), Tropomysin (39 
KD), Myosin light chain 1 (25 KD) and Troponin-C (18 KD). 
Preparation of the Virus Sample 
The pellet of the purified virus was dissolved in 0.5 M Tris-HCI 
buffer. pH 6.8 and 10% (w/v) SDS and 1% (v/v) p-mercaptoethanol 
were added. The virus sample was heated at 95°C for 4 min and then 
0.05% (w/v) bromophenol blue was added to the sample. 
Preparation of 15% lower or separating gel 
Distilled water 7.05 ml 
1.5 Tris-HCI, pH 8.8 7.5 ml 
10% SDS Stock 0.3 ml 
Acrylamide/Bis Stock 15.0 ml 
10% Ammonium persulphate (APS) 0.150 ml 
TEMED 15X 
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The first four solutions were mixed in a beaker and kept for few 
minutes at room temperature. The last two solutions were added to this 
mixture whirling the beaker gently to mix and then transferred quickly 
into sandwich to gel mould. 
Preparation of 3% stacking or upper gel 
Distilled water 3.05 ml 
0.5MTris-HCIpH6.8 1.25 ml 
10%SDS 50^1 
Acrylamide/Bis Stock .65 ml 
10% Ammonium persulphate (APS) 0.025 ml 
TEMED 5 X 
All solutions were mixed (as described in running gel) and poured 
over the separating (running gel) gel into sandwich and a comb was 
inserted into it. The gel was allowed to set for at least 30 min and the 
comb slowly removed from the gel. 
The virus sample and marker were loaded into wells. The lower 
and upper chambers were filled with Tris-Gly. buffer pH 8.5 and the unit 
was connected to the power supply. 
The power supply was adjusted at 10mA. When the dye reached 
to 1 cm above the bottom, the power supply was turned off and the gel 
was stained and destained as described below. 
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The gel was stained in 0.1 % coomassie brilliant blue R 250 that 
was prepared as follows -
Coomassie blue 100 mg 
Methanol 50 ml 
Acetic acid 10 ml 
Distilled water 40 ml 
The gel was destained in a solution containing 40 ml methanol, 14 
ml acetic acid and 146 ml distilled water. 
9. Electron Microscopy 
(i) Morphology of Virus Particles 
A small drop of the purified virus preparation obtained after 
density gradient centrifugation was placed on a collodion-coated 
carbon back filmed copper grid. The excess of sample was drained by 
touching the grid edge with whatman No. 1 filter paper and stained with 
2% uranyl acetate solution for 90 sec. The prepared grids were 
examined under the JEOL-JEM-IOOs transmission electron 
microscope. The average dimension of the virions was calculated. 
(ii) Study of Inclusions and Virus in situ 
The delaited schedule of the technique given by Roland (1978) 
was followed to study the ultrastructure of inclusions induced by the 
virus and its in situ localization. 
32 
Young infected leaves of tobacco showing clear mosaic 
symptoms were cut into 1 x 2 - 2 . 3 mm (bits) and immersed in 3% 
glutaraldehyde solution in 0.05 M phosphate buffer pH 7.0 and the 
pieces transferred to a vial containing the fixative. After 6 h the fixative 
(glutaraldehyde) was drained out and the leaf pieces were washed 
thrice with phosphate buffer at an interval of half an hour to remove 
glutaraldehyde. One per cent osmium tetraoxide solution in 0.05 M P0^~ 
buffer pH 7.0 was poured over the leaf pieces and fixation allowed 
for 2 h at 40°C. The osmium tet^oxide solution was carefully taken out 
and the leaf pieces were washed with distilled water. Aqueous uranyl 
acetate (2%) was added and the vials transferred to refrigerator (at 
4°C) overnight. 
They were then dehydrated in a graded series of 30, 50, 70, 90, 
95 and 100 per cent acetone for 10 min in each grade with two changes 
(each for 30 min) in 100%. 
After dehydration acetone was replaced by propylene oxide by 
giving two changes each of 30 min. The epoxy resin was prepared by 
mixing 10 ml VCD (vinyl cyclohexine dioxide), 26 ml NSA (none nyl 
succinic anhydride) and 6 ml DER-736 (diglycidyl ether of propylene 
glycol). These were mixed thoroughly and then 0.4 ml DMAE (dimethyl 
amino ethanol) was added and again mixed thoroughly. A mixture of the 
resin : propylens (25 : 75 V/V) was prepared and propylene oxide was 
replaced by this mixture from the leaf pieces. The vial was closed with 
an aluminium foil. After one hour aluminium foil was lifted and the vial 
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was left in a fume-hood for 4 h to overnight. After 8 h the resin mixture 
in vial was replaced by fresh resin mixture and vial left for another 4-
10 h. The beam capsule moulds were washed with acetone and dried 
in an oven at 70°C for 30 min. The leaf pieces were transferred, with 
proper orientation, to the moulds and filled with fresh resin. The resin 
was cured at 70°C for 16 h. The blocks were taken out by cutting open 
the moulds and were trimmed to expose the material. Then reference 
sections (Ca 1p thick) were cut with glass knives mounted on an 
ultramicrotome. Few sections were placed on a drop of distilled water 
on a glass slide and heated at 80° till the drop dried. Then a drop of 
stain was poured on the trace of the dried drop and heated at SO^ C by 
gentle shaking for 3 min. The stain was prepared by dissolving 1 g 
toluidine blue 0 and 1 g sodium borate in distilled water and the volume 
made 100 ml. Slide was washed under running tap water to remove 
excess stain and examined under light microscope to make sure the 
presence of desired tissue/cells.The unwanted tissues were trimmed 
off from the block. 
Ultrathin sections were cut by using glass knives and ribbons of 
sections were picked after expanding with the vapour of xylene, 
emitting silver-gold interference colour on 150 mesh copper grids. The 
sections were stained first with the saturated uranyl acetate (ethanolic 
solution) and the grids immersed in drops of UA placed on parafilm. 
They were then covered with an opaque cover and allowed the reaction 
for 30 min at 25-30°C. The grids were washed with 30 drops each of 
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50% ethanol and of distilled water drained by touching edge on to filter 
paper. Then the sections were stained with 0.4% lead citrate solution. 
Finally the grids were washed with 30 drops each of 0.01 N NaOH and 
of distilled water. Grids were drained air-dried, and were examined 
under TEM. 
Note-I 
Saturated uranyl acetate was prepared by shaking an excess 
amount of uranyl acetate with 50% ethanol followed by centrifugation 
at 6,000 g for 10 min. The supernatant was filtered through whatman 
No. 1 filter paper. The supernatant, thus obtained was used as 
saturated uranyl acetate. 
Note-ll 
Lead citrate solution was prepared by mixing 1.33 g of lead 
nitrate, 1.76 g of trisodium citrate and 30 ml of carbon dioxide-free 
distilled water A thick white precipitate appeared on mixing was 
dissolved by adding 8 ml of 1 N NaOH solution (prepared in carbon 
dioxide-free distilled water). The volume was made to 50 ml with carbon 
dioxide-free distilled water and centrifuged at 6,000 rpm for 10 min. 
Supernatant was filtered through Whatman No. 1 filter paper. 
10. CHARACTERISTICS OF VIRAL NUCLEIC ACID 
(i) Isolation of Viral Nucleic Acid 
• The nucleic acid was isolated by phenol-chloroform method. 
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Phenol and chloroform were prepared as detailed by Maniatis ef a/. 
(1982). 
Purif ied virus solution was extracted with a mixture of phenol-
chloroform(1:1) followed by another extraction with chloroform only. 
2 ml of virus preparation + 2 ml mixture of phenol - chloroform (1:1) 
Mix the content on a mixer till an emulsion forms 
Centrifuge at 1600 g for 3 min 
, ^ , 
Phenol phase Aqueous phase 
Discard Add chloroform and mix on a mixer 
Centrifuge at 1600 g for 3 min I I 
Chloroform phase Aqueous phase 
Discard Add 2.5 volumes of chilled ethanol 
I 
Keep overnight at 20°C 
Centrifuge at 15,000 g for 30 min 
Supernatant Pellet 
Discard Suspend in distilled water (viral nucleic acid) 
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The infectivity of viral nucleic acid was tested on C 
amaranticoloran assay host and was compared with thatof the virus. 
(ji) Type of Nucleic Acid 
The type of nucleic acid contained in the virus was determined 
by orcinol (Shatkin, 1969) and diphenylamine (Burton, 1956) tests for 
RNA and DNA respectively. 
(a) Orcinol Test 
Orcinol reagent was prepared by adding 100 mg of orcinol and 
100 mg of ferric chloride (FeCl3.6H20) in 100 ml of concentrated 
hydrochloric acid (HCI). One ml of freshly prepared orcinol reagents 
was added to one ml of nucleic acid preparation. The mixture was 
placed in boiling water bath for 45 min. and observed for the 
development of colour. 
(b) Diphenylamine Test 
This reagent was prepared by mixing 1 g of Diphenylamine in 100 
ml of glacial acdic acid and 2.75 ml of sulphuric acid (H^SOJ. One ml 
of suitably diluted nucleic acid preparation was mixed with 2 ml of 
Diphenylamine reagent and heated at 60°C for 10 min. to observe the 
development of colour. 
1 1 . S E R O L O G Y 
Specific antigen and antibody reaction is one of the useful 
techniques either for assigning the virus to a particular group or to 
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differentiate it at the strain level. Antisera to the virus under 
consideration was prepared for the identification of the virus as well as 
for testing the latent infection in certain hosts. 
(i) Raising of Antiserum 
Partially purified virus preparation obtained after differntial 
centrifugation was used as antigen for immunization of rabbit. Young 
healthy rabbit, approximately 3 lbs in weight was used for production 
of antisera. Five weekly injections of virus preparation of 2 ml each was 
administered intravenously through the marginal ear vein of the rabbit 
using a clinical syringe with a fine needle. For intramuscular injections, 
virus preparation was emulsified with an equal volume of Freund's 
incomplete adjuvant. Two injections of the virus adjuvant mixture of 3 
ml each at an interval of 2 weeks were administered intramuscularly 
in thigh of the same rabbit in which intravenous injections had been 
given. Test bleedings were made several times from the ear of the rabbit 
at different intervals after the administration of last intramuscular 
injection to check the antibody titre in serum. 
After the titre, reached its maximum the immunized rabbit was 
finally bled by giving sharp incision (after 20, 30 and 60 days of final 
injections) on the marginal vein of the ear, which was not used for 
injecting the antigen. About 10 ml of the blood was collected and allowed 
to clot at room temperature (20±5°C) for 2 h and kept in a refrigerator 
for 4-6 h,Serum containing antibodies (antiserum) was thereafter 
separated and centrifuged at 5,000 rpm for 5 min to remove fibron and 
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blood cells etc. The straw yellow coloured supernatant was collected 
and stored in a sterile small ampoule by adding few crystals of sodium 
azide (NaNg). 
(ii) Serological Tests 
To identify the virus under investigation upto group or strain level. 
the following tests were performed. 
(a) Homologous Reaction 
Tube Precipitin Test 
Serial two fold dilutions of both antiserum and antigen were 
prepared using 0.85% saline buffer (0.05 M phosphate buffer pH 7.0 
was put in a separate narrow glass tube and to each tube 0.5 ml of 
antiserum (undiluted) was added. The tubes were immersed partially in 
a water bath at 37°C to promote mixing and observed for formation of 
the precipitates. Similarly, for antiserum end point, 0.5 ml of each of 
a series of two fold dilutions of the antiserum was put in glass tubes and 
to each tube 0.5 ml of antigen of a constant dilution was added. The 
tubes were immersed partially in a water bath at 372:and observed for 
formation of the precipitates. 
(11) Ouchteriony Gel Double Diffusion Test 
Ouchterlony agar gel double diffusion test (Ouchteriony, 1948, 
1958 and 1962) was used to determine antigen-antibody reaction. For 
the formation of immunoprecipitin band of virus antibody, the tests were 
carried out in sterilized disposable petridishes (100 x 15 mm) using 
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different combinations of viral antigen and gel media. The agar gel 
plates were then incubated in a humid chamber at room temperature 
and observed after 24 and 48 h. 
Preparation of Viral Antigen 
Antigen used in immunodiffusion tests was prepared in following 
ways : 
(a) Virus particles.suspended In phosphate buffer (0.05 M, pH 7.0) 
(b) Solution (a) +0.85% (w/v) NaCI. 
(c) Virus particle suspended in distilled water containing 1% (w/v) 
sodium dodecyl sulphate (SDS). 
Preparation of Gel Media 
Agar gel for immunodiffusion tests was prepared in the following 
ways : 
(a) 0.8 gram of agarose (w/v) in 0.05 M K^HPO^ at pH 7.0. 
(b) Solution (a) +0.02% (w/v) sodium azide (NaNg). 
(c) Solution (a) +0.85% (w/v) sodium chloride (NaCI). 
(d) 0.8 gram of agarose (w/v) in distilled water containing 0.2% 
NaEDTA,.02% sodium azide. 
(b) Heterologous Reactions 
The relationship of the virus was determined serologically by 
using various antisera of the viruses having similar particle morphology 
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against the virus causing yellow mosaic mottle disease of marigold. The 
reactions were carried out using ouchterlony gel double diffusion test 
in sterile plastic petridishes. The gel media was prepared by melting 
0.8g agarose in 100 ml of 0.05 MK3HPO, pH 7.0, 0.2% NaEDTAand 
0.02% NaNg. The antigen was prepared by suspending virions in 0.05 
M phosphate buffer pH 7.0. 
All the antisera to different cucumo-virus (CMV-K8, CMV-P, 
cPMV, CMV-SS) used in the present study were obtained from Dr. Z. 
Maat (Netherlands) and antiserum of PLRV was obtained from Dr. I.D. 
Garg CPRI, Shimla. 
12. IMMUNOSORBENT ELECTRON MICROSCOPY 
( ISEM) 
For ISEM the method described by Derrick (1973) and later 
modified by fy/lilne and Luisoni (1977) was applied. 
(i) Preparation of Antiserum Dilutions 
The different antisera were diluted with saline to bring down their 
microprecipitintitre and then further diluted 200 folds with 0.85% NaCI 
solution before use. 
(li) Trapping of Virus Particles 
Freshly prepared collodion carbon-backed filmed copper grids 
were floated film side down on 0.05 ml drops of diluted antiserum and 
incubated in a humid chamber for 20 min at room temperature. The 
grids were washed with 30 drops of distilled water and drained by 
touching their edge with Whatman No. 1 filter paper. In next step the 
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grids were immeditely floated film side down on 0.05 ml drops of 
partially purified virus suspension and incubated in a humid chamber 
at 37fcfor 1h. The grids were again washed and drained as mentioned 
above and immediately floated on drops of 2% aqueous uranyl acetate 
solution for 30 sec. Now the grids were finally drained and allowed to 
air dry. In the same way, as described above, the control (Preimmune 
serum coated) grids were screened under JEOL-JEM-100S electron 
microscope at 80 KV. 
(iii) Decoration of Virus Particles 
After trapping the virus particles on antiserum coated grids as 
described above, the grids were again floated on the same antiserum 
with the same dilution and incubated at 37°C for 1 h. The grids were then 
washed and drained as described in previous section 12(ii) and 
immediately floated on 2% aqueous uranyl acetate solution. The grids 
were then finally drained and air dried and screened under the electron 
microscope. 
(iv) Estimation of Trapped Particle Number 
Trapped virions were counted in 10 random viewing fields on the 
grids for each virus antibody combination as well as for control grids. 
The amount of trapping (Trapping intensity) by each antiserum was 
expressed as an increase factor over the number of virions on the 
corresponding preimmune serum coated grid and was calculated by 
dividing the number of virions counted on the antiserum-coated grid by 
the number of virions counted on the corresponding preimmune serum 
coated grid (Roberts et al, 1984). 
RESULTS 
Chapter - 4 
RESULTS 
1. NATURAL SYMPTOMS 
Naturally infected plants of marigold (Tagetes erecta L.) showed 
yellow mosaic mottling symptoms on leaves. The disease symptoms 
varied from mosaic mottling to leaf distortion (Fig. 1.1). At advanced 
stage of infection, the infected plants showed reduction in leaf size 
and leaflets with retarted vegetative growth of plant. Severely affected 
plants produced small sized and few flowers. 
2. TRANSMISSION 
(a) By Sap 
The virus causing yellow mosaic mottle disease in marigold was 
readily transmitted by sap extracted in 0.05 M phosphate buffer pH 
7.0 from marigold to marigold, Nicotiana sp. and other susceptible 
hosts. The transmission of the disease was 90-100% by sap 
inoculation using carborundum (500 mesh) as an abrasive. In 
subsequent studies, the infected Nicotiana leaves were macerated in 
0.05 M phosphate buffer pH 7.0 (1:2 w/v), and the sap thus obtained 
used as standard inoculum (SI). 
(b) ByAphids 
Three Aphid species viz. Aphis gossypii Glov., A. craccivora 
Fig. 1.1 Natural symptoms on Tagetes erecta L. n the 
form of mosaic mottling and deformation of 
leaflets. 
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Koch, and Myzus persicae Sulz. were used for transmission. Starved 
nymphs (1-2 hr) were allowed different aquisition feeding period on 
Table 2.1 : Transmission ofyellow mosaic mottle virus by Ap/»/sgossyp/7, 
A. craccivora and Myzus persicae. 
Acquisition 
feeding 
30 Sec. 
1 min. 
2 min. 
3 min. 
4 min. 
5 min. 
10 min. 
20 min. 
30 min. 
1 h. 
2h. 
6h 
12 h. 
24 h. 
Inoculation 
feeding 
30 Sec. 
1 min. 
2 min. 
3 min. 
4 min. 
5 min. 
10 min. 
20 min. 
30 min. 
1 h. . 
2h. 
6h 
12 h. 
24 h. 
No. of plants 
inoculated 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
Average no. of 
plants infected 
6 
8 
12 
12 
10 
7 
4 
0 
0 
0 
0 
0 
0 
0 
*Results based on 2 experiments with 20 plants each of N. tabacum var. CTRI 
Special type FCV. 
diseased plants and inoculation feeding periods on young healthy 
plants of Nicotiana tabacum var. CTRI Special. The aphids were killed 
by spraying with 0.02% cypermethrine, insecticide after inoculation 
feeding period. The plants remained covered with cages during 
inoculation feeding period. Ten nymphs after acquisition feeding 
were transferred to young, healthy plants for inoculation feeding. The 
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inoculated plants were kept in an insect-proof glass house for the 
development of symptoms. After 12-15 days the plants showed mosaic 
symptoms on young leaves of N. tabacum var. CTRI Special. The 
presence of virus was confirmed by back inoculation on the assay host, 
Chenopodium amaranticolor. 
Table -2.1 suggests that the virus causing yellow mosaic mottle 
disease in marigold is transmitted by the aphids Aphis craccivora, A. 
gossypii and Myzus persicae in a non-persistant manner. 
(c) ByWhitefly 
Whitefly, Bemisia tabaci Genn. failed to transmit, the present 
virus disease of marigold even after increasing the number of 
whiteflies per plant upto 30. The presence or absence of the virus was 
confirmed by back inoculation after 10 days from inoculated 
Nicotiana glutinosa and N. tabacum var. CTRI Special type FCV to 
C. amaranticolor. 
(d) By Dodder 
Two species of dodder viz. Cuscuta reflexa Roxb. and C. 
ctiinensis Lam. were tried to transmit yellow mosaic mottle disease of 
marigold from infected to healthy marigold and N. glutinosa plants 
but none of them could transmit the virus from diseased to healthy 
plants and no symptoms developed even after two months of 
establishment of dodder. Thus, the virus causing yellow mosaic mottle 
disease is not transmitted by dodder. 
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(e) By Soil 
Twenty seedlings each of (susceptible to yellow mosaic mottle 
disease of marigold) N. tabacum var. CTRI Special, N. glutinosa, N. 
rustica, N. tabacum var. JayasrI, Cucumis melo and Tagetes erecta 
were transplanted in soil collected from the root zone of infected 
marigold plants in the field. These plants did not show any symptom 
even after two months of transplantation. Back inoculation tests 
carried out on local lesion host, C. amaranticolor from randomly 
selected plants of each group also indicated the absence of virus in 
these plants. 
(f) By Seed 
Seeds from diseased marigold platns and from N. rustica, N. 
glutinosa, N. tabacum var. CTRI Special were collected and were 
sown next yearto test seed transmission of the virus. Table2.2shows 
Table 2.2 : Seedtransmisslonof marigold yellow mosaic mottle 
virus 
Name of the Plants 
Tagetis erecta 
Nicotiana glutinosa 
N. rustica 
N. tabaccum 
var. CTRI Special 
No. of Plants 
emerged 
230 
265 
180 
240 
No. of Plants 
infected 
25 
27 
18 
23 
%age 
10.8 
10.19 
10 
9.6 
that marigold yellow mosaic mottle virus is carried through the seeds 
of infected marigold, Nicotiana glutinosa, N. rustica, N. tabacumyar. 
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CTRI special. About 10% of the seeds of the infected plants carry the 
virus. 
3. HOST RANGE AND SYMPTOMATOLOGY 
To determine the host range of marigold yellow mosaic mottle 
virus various species and cultivars of plants belonging to different 
families were inoculated mechanically with standard inoculum. To 
ascertain the presence or absence of the virus, back inoculations 
from all inoculated plants were made on C. amaranticolor. Following 
plants developed symptoms as described below and virus was 
recovered on back inoculations to C. amaranticolor. 
Asteraceae 
Tagetes erecta L.cv. Super Pelide FM 584 
cv Danty Marietta 
Systemic symptoms appeared after 14-15 days of inoculation 
on the newly emerging leaves in the form of vein yellowing followed 
by yellow mosaic. In severe condition the leaves became deformed 
and reduced in size (Fig. 3.1). Few flowers were formed on the 
infected plants which bore few sepales and of low quality. The virus 
particles were also recovered from the flowers of infected plants 
Chenopodiaceae 
Chenopodium album L. : Chlorotic local lesions appeared on 
inoculated leaves after 3-4 days of inoculation in winter (Fig. 3.2). 
The lesions increased in size and coalesced after few days and finally 
the leaves were shed. 
J 
Fig. 3.1 : Leavesof inoculated plant of 7. erecfa: Systemic 
symptoms showing reduced size of leaflets and 
stunted growth 
Fig. 3.2 : C. a/bi/m showing healthy leaf (left) and chlorotic 
local lesions (right two leaves). 
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C. amaranticolor Coste & Reyn : Chlorotic local lesions appeared 
on inoculated leaves after 3-4 days of inoculation in winter and after 
6-7 days in summer (Fig. 3.3). Later, these lesions increased in size, 
coalesced, and margins of lesions become red. 
C. murale L. : Necrotic local lesions were produced on inoculated 
leaves after 3 days in winter (Fig. 3.4). After 5-6 days the lesions 
increased in size and coalesced and the fate of leaves were same as 
in the case of C. amaranticolor. 
C. quinoa L : Necrotic local lesions appeared on inoculated leaves 
after 3-4 days of inoculation (Fig. 3.5). Later, the lesions increased 
in size and coalesced, and finally the leaves fell down after necrosis. 
Beta vulgaris L, : Necrotic lesions appeared on inoculated leaves 
after 5-6 days of inoculation which later on, increased in size. 
Systemic symptoms on the older leaves (on which necrotic lesions 
appeared) and on the newly emerging leaves appeared in the form 
of mosaic after 14-18 days of inoculation (Fig. 3.6). 
Cucurbitaceae 
Citrullus vulgaris Schrad. var. fistulosus cv. Dilpasand : Descre te 
local lesions appeared on cotyledons after 4-5 days of inoculation 
followed by systemic symptoms on the new emerging leaves in the 
form of mosaic after 12-15 days of inoculation (Fig. 3.7). 
Cucumis melo var. utilissimus cv. Lucknow Sweet: Descrete local 
lesions appreared on cotyledons after 4-5 days of inoculation (Fig. 
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3.8a). Due to enlargement of these lesions the cotyledons became 
dried. Mosaic symptoms appeared on newly emerging leaves after 
10-12 days of Inoculation. Wilting in some plants occured after one 
week of inoculation (Fig. 3.8b). 
Cucumissativus L. cv. Pointsetee SLG, 
cv. Poona Kheera : 
Descrete local lesions appeared on the cotyledons after 4-5 
days of inoculation. The lesions became enlarged and cotyledons 
dried up soon. Systemic symptoms appeared on the young leaves in 
the form of mosaic after 10-12 days of inoculation (Fig. 3.9a) followed 
by leaf deformation (3.9b). In this case also wilting of inoculated 
plants was prominent after appearance of symptoms. 
Momordica charantia L. cv. Poona Long Green, 
cv. Coimbatore Long. : 
Systemic symptoms appeared on the young leaves in the formof 
leaf deformation and mild mosaic after 20-25 days of inoculation 
(Fig. 3.10). 
Papilionaceae 
Phaseolus aureus L. 
cv. HUM-1 Cu-AVT- 1 
cv. HUM- 7 AVT- 1 
cv. H U M - 8 AVT- 1 
cv. Pusa 9332 
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cv. Pusa9372 
cv. Pusa 9531 
cv.Pusa 9631 AVT - 1 
Dark brown to black pin head local lesions appeared on the 
inoculated leaves after 3-4 days of inoculation (Fig. 3.11). Later, 
these lesions increased in size, coalesced and the leaves looked 
blighted. On the cotyledons the lesions appeared diffused or ring like 
lesions which had a green area in the centre of the lesion. 
Phaseolus mungo L. 
cv. KU - 300 
cv.KU - 308 
cv. KU - 309 
cv. UPU-59-2 
The local lesions observed were similar as on P. aureus on the 
inoculated leaves after 3-4 days of inoculation (Fig. 3.12). 
Trigonella foenum - graecum L. : Black, pin head local lesions 
appeared on the inoculated leaves after 2-3 days of inoculation in 
winter (Fig. 3.13). Leaves became dried up due to the 
coalescence of the lesions. No systemic symptom developed on the 
young emerging leaves. 
Vigna sinensis L. : Very small pin head like red local lesions were 
developed on the inoculated leaves after 5-7 days of inoculation (Fig. 
3.14). No systemic symptoms were observed on the new emerging 
leaves even after one month of inoculation. 
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Solanaceae 
Datura metel L.: Uninoculated young emerging leaves exhibited mild 
mosaic symptoms after 30-35 days of inoculation. The new emerging 
buds showed clear mosaic and soon dried up after emergence. 
Lycopersicon lycopersicum (L.) Karst. : The following cultivars 
were susceptible to the virus. 
cv. Prithvi 
cv. Punjab Chhoara 
cv. Punjab Kesri 
cv. Pusa Early Dwarf 
cv. Pusa Ruby. 
On all the above mentioned cultivars of tomato systemic 
symptoms appeared after 15-20 days of inoculation on the new 
emerging leaves inthe form of very mild mosaic. The type of the 
symptoms were more or less same in all the cultivars. 
Nicotiana a/ata Link and Otto : Systemic infection occuued after 12-
13 days of inoculation. Symptoms appeared on the new emerging 
leaves in the form of mosaic mottling. 
N. clevelandii Gray : After 6-8 days of inoculation, necrotic lesions 
appeared on the inoculated leaves which soon became coalesced 
and leaves dried up. 
N. debneyi Domin : Systemic symptoms appeared on the inoculated 
leaves after 13-15 days of inoculation in the form of mosaic mottling 
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and reduction of leaf lamina (Fig. 3.15). The growth of the plants 
became stunted due to the infection. 
N. glutinosa L. : After 8-10 days of inoculation, mosaic symptoms 
appeared on the newly emerging leaves. First the symptoms appeared 
in the form of yellow net and leaves curled downwards (Fig. 3.16a). 
After 2-3 days of appearance of the first symptom, newly emerging 
leaves showed dark green and yellow patches with reduced leaf and 
bare mid rib (Fig. 3.16b). Leaf deformation and shoe-string symptoms 
also developed on the inoculated leaves after 16-20 days of 
inoculation (Fig. 3.16c). 
N. longiflora Cav.: Dark green and dull yellow patches appeared on 
the inoculated leaves after 13-14 days of inoculation (Fig 3.17). 
Deformation of the leaves with decreased leaf lamina also developed 
after appearance of mosaic symptoms. 
N. megalosiphon Heurek and Mueller : After 7-8 days of inoculation 
systemic symptoms appeared in the form of severe necrotic patches 
(Fig. 3.18). Due to these patches or drying of leaves the plants could 
not attain full growth and finally died. 
N. occidentalis Wheeler : New emerging leaves of the inoculated 
plants showed drying from margin (Fig. 3.19). The growth of the 
infected plants checked and no more new leaves emerged except 
one or two which showed retardation in plant growth. 
N. plumbaginifolia VIv.: Systemic symptoms occurred on the newly 
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emerging leaves after 13-15 days of inoculation in the form of 
mosaic and leaf deformation. 
N.rustica Schrank: Systemic symptoms appeared after 10-12 days 
of inoculation on the newly emerging leaves in the form of light and 
dark green areas (Fig. 3.20). At advance stage of infection plants 
showed deformation of leaves, reduced leaf lamina and retardation 
in growth. 
N. tabacum L. cv. Bhopaii Pakra : 
var. CTRI Special type FCV(Fig. 3.21) 
var. Harison Special type FCV (Fig. 3.22) 
var. Jayasri type FCV 
var. Samsun type Turkish (Fig. 3.23). 
After 10-15 days of inoculation, plants showed mosaic 
symptoms on the newly emerging leaves. The whole plant remained 
stunted in var. Samsun type Turkish and the dark and light areas 
appeared with deformed leaves (Fig. 3.23). All other vars. showed 
mosaic mottling symptoms. 
Petunia hybrida Vilm : No visible symptoms were observed after 15-
20 days of inoculation. On back inoculation tests to C. amaranticolor 
from symptomless petunia plants, the virus was recovered showing that 
P. hybrida is a symptomless carrier for the virus. 
Physalis peruviana L.: Dark green and light yellow areas appeared 
on the newly emerging leaves after 14-16 days of inoculation. At 
Fig. 3.3 : C. amaranf/co/orshowing chlorotic local lesions. 
Fig, 3.4 : C. murale showing healthy leaf (right) and 
necrotic local lesions (left leaves). 
Fig. 3.5 : C. quinoa : Local symptoms in the form of necrotic 
local lesions. 
Fig. 3.6 : Beta vulgaris L. showing healthy leaf (left) and 
systemic symptoms in the form of mosaic (right). 
Fig. 3.7 : Citrullus vulgaris var. fistulosus showing mosaic 
symptoms. 
Fig. 3.8a : Cucumis melo var utilissimus : Left-healthy 
cotyledon . Right - Discreete local lesions on the 
cotyledons. 
Fig. 3.8b : Systemic symptoms in the form of mosaic on new 
emerging leaf of Cucumis melo var uf»7/ss/mus. 
Fig. 3.9a : Cucumis sativus L. showing mosaic symptoms 
on new emerging leaves. 
Fig. 3.9b : Cucumis sativus L. showing mosaic and leaf 
deformation. 
Fig. 3.10 : Momordica charantia L. showing healthy vine 
(left) and mild mosaic symptoms (right). 
Fig. 3.11 : Phaseolus aureus L. leaf showing pin head 
necrotic brown local lesions. 
Fig. 3.12 : Leaflet of P/jaseo/usmungo L. showing pin head 
dark brown local lesions. 
Fig. 3.13 : Trigonalla foenum-graecum L.: Dark brown local 
lesions (left leaves) and healthy leaf (right). 
Fig. 3.14 : The leaves of Vigna sinensis L. showing red 
coloured lesions. 
Fig. 3.15 : Nicotiana debneyi Domin : Systemic symptoms 
in the form of mild mosaic and reduced leaf 
lamina. 
Fig. 3.16a: N. glutinosa L.: Mosaic symptoms in the form of 
yellow net and down ward curling of the leaves. 
Fig. 3.16b: N. glutinosa L.: New emerging leaves showing 
dark green and yellow patches. 
Fig. 3.16c : N. glutinosa L. showing systemic symptoms in the 
form of mosaic, leaf deformation and shoe-string 
on the new emerging leaves. 
Fig. 3.17 : N. longiflora Cab. : Systemic symptoms in the 
form of mild mosaic (left leaves) and mosaic with 
dark green patches (right leaf). 
Fig. 3.18 : N. megalosiphon : Systemic symptoms in the 
form of severe necrosis. 
Fig. 3.19 : N. occidentalis : New emerging leaf showing 
necrosis from margin and checked apical growth. 
m -^y 
Fig. 3.20 : A/. rt;sf/ca : Systemic symptoms on young leaves 
in the form of dark green and yellow areas. 
Fig. 3.21 : N. tabacum var. CTRI Special type FCV : 
Showing mosaic symptoms in the form of water 
soaked areas. 
Fig. 3.22 : N. tabacum var. Harison Special type FCV : 
Newly emerged leaves showing mosaic 
symptoms with dark areas. 
Fig. 3.23 : /V. fabacumvar. Samsun type Turkish : Systemic 
symptoms in the form of mosaic with leaf 
deformation. 
Fig. 3.24 : Physalis peruviana L. : Mosaic symptoms with 
shoe-string. 
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advanced stage of infection the leaves showed deformation followed 
by shoe-string (Fig. 3.24). 
Non Hosts 
No symptoms (local/systemic) were produced and no virus 
could be recovered on back inoculation to C. amaranticolorUom the 
following plant species and cultivars. These plants were kept under 
observation for two months after inoculation. 
Amaranthaceae 
Amaranthus caudatus L. cv. Red. Leaved 
Gomphrena globosa L. 
Apiaceae 
Apium graveolens L. cv. white Solid 
cv. White GME 
Coriandrum sativum L. 
Daucus carota L. cv. Pusa Kesar 
Petroselenium crispum Hill cv. Imperial Curie. 
Asteraceae 
Ageratum maxicanum Sims. cv. Blue Mink 
Chrysanthemum indicum L. 
C. parthenium L. 
Cosmos bipinnatus cav. cv. Double Mixed 
Dahlia pinnata cav. cv. Dwarf Mixed 
Helianthus annuus L. 
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Tagetes minuta L. 
T. petula L. 
Xanthium strumarium Rafin 
Zinnia elegans Jacq. cv. Suttons Giant Double Mixed. 
Brassicaceae 
Brassica campestris L. 
B. oleracea L. var. botrytis cv. Snow Ball 
cv. Early Market 
cv. Pusi 
B. oleracea L. var. capitata cv. Glory 
cv. Pride of India 
cv. Express 
B. rapa L. cv. Purple Top White 
Raphanus sativus L. cv. Bombay Red, 
cv. Scarlet Globe, 
cv. Pusa Rashmi, 
cv. Chinese Pink 
cv. Pusa Himani. 
Caryophyilaceae 
Dianthus caryophylius L. cv. Double Mixed 
Chenopodiaceae 
Spinacia oleracea L. 
55 
Cucurbitaceae 
Benincasa cerifera Savi. 
Cucurbita maxima Duch. cv. Large Red 
C. pepo L. 
Lagenaria vulgaris Ser. cv. Pusa Summer Prolific Long 
Luff a cylindrica (L.) Roem. 
Trichosanthes anguina L. 
Liliaceae 
Alium cepa L. cv. Red Globe 
Malvaceae 
Abelmoschus esculentus (L.) Moench cv.Pusa Sawani 
Althaea rosea (L.) Cav. cv. Double Mixed 
Papilionaceae 
Lathyrus odoratus L. cv. Mixed 
Pisum sativum L. 
Dolichos la blab L. 
Polemoniaceae 
Phlox Carolina L. 
Solanaceae 
Capsicum annuum L. cv. Cluster Suryamukhi 
cv. G-4 
cv. PC-2 
cv. Trupti 
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Nicotiana tabacum cv. GT-4 
Solanum melongena L. cv. Black Beauty 
cv. Pusa Purple Cluster 
cv. Pusa Purple Long 
cv. Pusa Purple Round 
S. nigrum L. 
Verbenaceae 
Verbena hybrida L. cv. Tall Mixed 
4) SELECTION OF LOCAL LESION HOST 
Five local lesion hosts of the virus isolate viz. Chenopodium 
amaranticolor, Coste and Reyn., C. album L., C. murale, C. quinoa 
and Vigna sinensis v^ere compared to select the most suitable one. 
The inoculum prepared from infected N. glutinosa was inoculated to 
the above mentioned hosts and local lesions were counted 3-4 days 
after inoculation (Table 4.1, Fig. 4.1). 
Table 4.1 : Comparative study of different local lesion hosts of marigold 
yellow mosaic mottle virus 
Locallesion hosts No. of locallesions/ 
lear 
Ch enopodium album L. 45 
C. amaranticolor Coste and Reyn. 152 
C. muraleL. 92 
C. quinoa L. 115 
Vigna sinensis L. 21 
*Average number of local lesions/leaf based on three experiments with three 
plants having 8 leaves each. 
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• C amarantfcolor 
• C. quinoa 
[ i C. murale 
Jim C. a/toum 
• I Igtia sinensis 
Different local lesion hosts 
Fig. 4.1 : Comparative study of different local lesion hosts 
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The number of local lesions produced on C. amaranticolor. C. 
album, C. murale and C. quinoa were better and also the number of 
lesions produced on C. amaranticolor, C. murale and C. quinoa were 
high and consistent. C. a/6u/77 was not found suitable due to its smaller 
leaves than the other three species of Chenopodium and Vigna 
sinensis produced few local lesions due to high temperature in 
summer and in rainy reasons. 
Although Trigonella foenum-graecum and Beta vulgaris also 
produced local lesions of the virus infecting marigold but were found 
not suitable as an assay host. 
The lesions produced on C. amaranticolor v^iere chlorotic and 
were easily countable and consistent. On the basis of these 
characteristics C. amaranticolor was chosen as the assay host and 
test plant for the present virus. 
5. PROPERTIES OF THE VIRUS IN PLANT SAP 
Parameters such as thermal inactivation point, dilution end 
point and longevity in vitro in the identification of plant viruses were 
first suggested by Johnson (1927). These studies provide an idea 
about the stability and concentration of the virus in the crude sap, 
and provide information about the best environment in which to keep 
the virus and maintain its infectivity. Although, these studies have 
restricted value(Rose , 1964) but are of great help In determining the 
procedure for purification of the virus and in its characterization. 
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To study these properties experiments were carried out using 
Nicotiana glutinosa, N. tabacum var. CTRI Special as donor hosts 
and C. amaranf/co/oras assay host of the virus. Three experiments 
of each property were performed using C. amaranticoloras an assay 
host. 
a) Thermal Inactjvation Point (TIP) 
The virus in crude sap was found to be infectious after being 
heated for 10 min. at 55°C but was found to be inactive after being 
heated at 60°C for 10 min. (Table 5.1). 
Table 5.1 : Effect of temperature on the stability of marigold yellow 
mosaic mottle virus 
Temperature No. of local lesions/leaf* 
Room temperature (20±5°C) 90 
40 26 
45 11 
50 7 
55 4 
60 0 
65 0 
70 0 
•Average no. of local lesions/leaf based on three experiments with 3 plants of 
C. amaranf/co/orhaving 8 leaves each. 
Thus, the thermal inactivation point (TIP) of the virus lies 
between 55°C and 60°C. 
b) Dilution End Point (DEP) 
The virus in crude sap was found to be infectious at a dilution 
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of 10 ^ but no local lesions were observed when the sap was diluted 
to 10-^  (Table 5.2). Therefore, the dilution end point of the virus is 
between 10-^ and 10 ^ 
Table 5.2 : Effectofdilution on the infectivity of marigold yellowmosaic 
mottle virus 
Dilution No. of local lesions/lear 
Undiluted 
10-1 
10-2 
103 
10^ 
10 s 
10-s 
10-^  
10^ 
116 
34 
28 
12 
10 
8 
0 
0 
0 
*Average no. of local lesions/leaf based on three experiments with 3 plants of 
C. amaranf/co/orhaving 8 leaves each. 
c) Longevity in vitro (LIV) 
The crude sap from a propagation host was obtained and divided 
into two parts. One was kept at room temperature (20 ± 5°C)and the 
other in a refrigerator (4°C). Each sample was assayed separately on 
C. amaranf/co/or after a specific period of storage(Jable 5.3and 5.4). 
The virus was found to retain infective at room temperature for 72 h 
and at 4°C for 162 h. 
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Table 5.3 : Effect of storage on the infectivity of the virus causing yellow 
mosaic mottle disease on marigold in plant sap at room 
temperature. 
Storage in hours Average no. of local lesions/leaP 
00 125 
12 80 
24 48 
36 21 
48 15 
60 6 
72 2 
84 0 
96 0 
108 0 
*Average no. of local lesions/leaf based on 3 experiments with 3 plants of C. 
amaranf/co/or having 8 leaves each. 
Table 5.4 : Effect of storage on the infectivity of marigold yellow mosaic 
mottle virus in plant sap at 4°C. 
Storage in hours 
00 
12 
24 
36 
48 
60 
72 
84 
96 
108 
120 
132 
144 
150 
156 
162 
168 
174 
180 
Average no. of local tesions/lear 
136 
80 
62 
49 
40 
32 
24 
20 
16 
15 
13 
12 
10 
8 
5 
3 
0 
0 
0 
VWerage number of local lesions/leaf based on three experiments with 3 plants of 
C. a ma ranticolor having 8 leaves each. 
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6) PURIFICATION 
i) Selection of Propagation Host 
Eight hosts of the virus causing yellow mosaic mottle disease in 
marigold viz., Nicotiana glutinosa, N. rustica, N. tabacum var. CTRI 
Special type FCV and N. tabacum var. Harison Special, Cucumis melo 
var. utilismus, Cucumis sativus, Petunia hybrida and Tagetes erecta 
were compared with regard to virus concentration at different times 
after inoculation. At different intervals (after inoculation), the plants 
were assayed for virus concentration using C. amaranticolor as a 
local lesion host. The results show (Table 6.1) that the virus reached 
Table 6.1 : Concentration of marigold yellow mosaic mottle virus in 
different hosts atdifferent intervals after inoculation. 
Hosts 
Cucumis melo utilismus L. 
C. Sativus L. 
N. glutinosa L. 
N. rustica L. 
N. tabacum \/ar. CTRI Special 
N. tabacum MaT. 
Harison Special 
Petunia hybrida vilm. 
Tagetes erecta L. 
2 
0 
0 
0 
0 
0 
0 
0 
0 
Average no 
4 
5 
3 
7 
5 
. of local lesions/leaf* 
days after inoculation 
6 
42 
35 
45 
33 
10 40 
6 
5 
4 
39 
32 
30 
8 
73 
68 
70 
65 
75 
71 
65 
62 
10 
86 
85 
97 
73 
89 
80 
79 
73 
12 
101 
102 
110 
97 
108 
91 
86 
80 
14 
112 
107 
98 
108 
97 
104 
105 
107 
16 
102 
100 
96 
112 
94 
100 
120 
118 
18 
96 
93 
97 
105 
94 
95 
115 
105 
•Average number of local lesions/leaf based on 8 leaves of C. amaranticolor 
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its maximum concentration in N. glutinosa L. and N. tabacum L. var. 
CTRI Special after 12 days of inoculation. Although cucumis melo 
var. utilismus L. and C. sativus L. were also found to be good 
propagation host but they were not used for purification due to being 
short term plants and high temperature in summer season. Petunia 
hybrida was not considered suitable as a propagation host as it is a 
symptomless career of the virus and maximum concentration of the 
virus is attained in a longer period (Table 6.1). The marigold {Tagetes 
erecta L.) is unsuitable due to the small size of leaves and low 
concentration of the virus. 
Thus, N. glutinosa and N. tabacum var. CTRI Special were 
selected and routinely used as propagation host for purification due 
to sufficient availability of plants, early growth and maximum 
concentration of the virus was attained in a shorter period. 
(11) Concentration of the Virus In Different Parts of 
Propagation Host 
Table 6.2 : Concentration of the virus In different parts of N. glutinosa 
plants after 12 days of Inoculation. 
Part of plant No. of local lesions/leaf Relative Infectivity (%) 
Leaf 118 100 
Stem 85 72.03 
Root 30 25.42 
Flower 78 66.10 
*Average number of local lesions/leaf based on three experiments with 3 plants 
of C. amaranf/co/or having 6 leaves each. 
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Fig. 6.1 : Concentration of the virus in different parts of the host 
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Results preseted in Table 6.2 and Fig. 6.1 reveal that the virus 
concentration was maximum in leaf tissue followed by stem, flower 
and root. 
(iii) Concentration of the Virus in Different Parts of the Flower 
Results presented in Table 6.3 and Fig. 6.2 show that the virus 
concentration was maximum in gynoecium followed by sepal, petal 
and androecium. The concentration in sepal, petal and androecium is 
very low. 
Table 6.3 : Concentration of the virus in different parts of flower ofN. 
glutinosa 
Part of Flower Average number of local 
lesions/leaf* 
Androecium 5 
Gynoecium 69 
Petal 5 
Sepal 7 
*Average number of local lesions/leaf based on three experiments with 3 plants 
having 6 leaves each. 
(iv) Effect of Buffers 
Effect of acetate, boric acid borax, citrate, citrate phosphate 
and potassium/sodium phosphate buffers at different pH values was 
compared for extraction of yellow mosaic mottle virus of marigold from 
infected leaves of N. glutinosa plants. 
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Fig. 6.2 : Concentration of the virus in different parts of the flower 
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Resutis presented in the Table 6.4 and Fig. 6.3 indicated that 
the maximum infetivity was obtained with phosphate buffer pH 7.0 
Table 6.4: Effect of various buffers at different pH levels on the 
infectivity of virus. 
Buffers pH No. of local 
lesions/lear 
Acetate 
Boric acid Borax 
Citrate 
Citrate phosphate 
Potassium Phosphate 
6.0 
5.6 
5.0 
4.6 
4.0 
9.2 
9.0 
8.6 
8.0 
7.0 
6.5 
5.6 
4.8 
4.0 
7.5 
7.0 
6.5 
5.5 
8.0 
7.5 
7.0 
6.5 
6.0 
25 
31 
82 
15 
0 
85 
97 
78 
52 
76 
70 
30 
16 
02 
50 
56 
32 
08 
85 
116 
142 
137 
105 
*Based on three experiments with three plants of C. amaranticolor having 8 
leaves each. 
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(v) Effect of Molarity 
Attempts were made to determine the most suitable molarity 
(ionic strength) of potassium phosphate buffer pH 7.0 for virus 
infectivity. At different molarities the virus infected leaves of N. 
glutinosa were macerated in phosphate buffer pH 7.0 separately. The 
samples were assayed on local lesion host, C. amaratnicolor to 
compare virus infectivity. 
It is clear from the Table 6.5 and Fig. 6.4 that the extraction of 
infected leaves in 0.05 M potassium phosphate buffer at pH 7.0 gave 
the highest infectivity. 
Table 6.5 : Effectof molarity of potassium phosphate buffer pH 7.0 on the 
Infectivity of virus. 
Molarity No. of local lesions/leaf* Relative Infectivity 
0.025M 
0.05 M 
0.1 M 
0.2 M 
0.5 M 
1.0M 
115 
146 
104 
86 
106 
52 
78.77 
100.00 
71.23 
58.90 
72.60 
35.61 
*Average number of local lesions/leaf based on three experiments with 3 platns 
of C. amaranf/co/or having 8 leaves. 
Thus, for the extraction of virus from infected tissues and 
maintaining the extracts at different stages of purification, 0.05 M 
potassium phosphate buffer pH 7.0 was found to be suitable at which 
virus infectivity was highest. 
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Fig. 6.4 : Effect of molarities of potassium phosphate buffer at pH 7.0 
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(vi) Effect of Additives on the Infectivity of Virus 
Table 6.6 and Fig. 6.5 show that the combination of sodium 
sulphite (0.1 %) and thioglycollic acid (0.1 %) was better to maintain he 
infectivity of the virus at the time of extraction. These additives were 
included in phosphate buffer. Phosphate buffer (0.05 M, pH 7.0) 
containing 0.1% thioglycollic acid and 0.1 % sodium sulphite was used 
to macerate infected tissues (1:2 w/v). 
Table 6.6 : Effect ofadditives on the infectivity of marigold yellow mosaic 
mottle virus. 
Additives 
Control 
Thioglycollic acid (0.1%) 
Ethylendiamine tetra acetic acid 
(EDTAO.1%) 
Sodium sulphite (0.1%) 
Thioglycollic acid (0.1%) + 
EDTA(O.IM) 
EDTA(0.1M) + 
sodium sulphite(0.1 %) 
Thioglycollic acid (0.1%) + 
sodium sulphite (0.1%) 
No. of local 
lesions/leaf 
74 
15 
30 
64 
54 
04 
89 
Relative infectivity 
(in%) 
100.00 
20.27 
40.50 
87.57 
72.97 
5.41 
120.27 
*Average number of local lesions/leaf based on three experiments with 8 leaves 
of C. amaranf/co/or having 8 leaves. 
(vii) Clarification pf Crude Sap 
By Organic Solvents 
Sap extracted from infected N. glutinosa in extraction buffer 
(0.05M,pH 7.0) containing 0 .1% sodium sulphite and 0.1% 
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80 
70 
• Control 
• Thioglycollic acid 
C EDTA 
n Sodium sulphite 
M Thioglycollic acid + 
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• ThioglycoUic acid + EDTA 
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« 
c 
o 
60 
• 50 
i 
< 
40 
30-
20 
10 
k i / 
Additives 
Fig. 6.5 : Effect of additives on the infectivity of the virus 
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thioglycollic acid was mixed with different organic solvents (Butanol, 
chloroform and carbon tetrachloride) either alone or in different 
combinations and incubated for 15 min. at 4°C. Samples were 
centrifuged for 10 min at 5,000 rpm. The aqueous layer was 
separated and assayed on C. amaranticolor. Sap extracted from 
infected N. glutinosa leaves in extraction buffer only was used as 
control. 
Results presented in Table 6.7, Fig. 6.6 reveal that butanol, 
carbon tetrachloride and their mixture with each other (1:1) showed 
adverse effect on virus infectivity when added after extraction of sap. 
But the chilled chloroform (30%) added to the extract showed 
increased infectivity. 
Table 6.7 : Effect ofsome organic solvents on the infectivity of marigold 
yellow mosaic mottle virus. 
Organic solvents 
Final %age of Average No. of 
organic solvent local lesions/leaf* 
Control 
Chloroform • 30 
Butanol 20 
Carbon tetra chloride 20 
Chloroform + Butanol (1:1) 20 
Butanol+Carbon tetra chloride (1:1) 20 
Carbon tetra chloride + chloroform (1:1) 20 
80 
106 
39 
39 
26 
24 
24 
*Average number of local lesions/leaf based on three experiments with three 
plants of C. amaranf/co/orhaving 8 leaves each. 
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(viii) Precipitation of Virus with Polyethylene Glycol (PEG 
6,000 MW) 
Precipitation of MYMMV from the supernatant obtained after low 
speed centrifugation was attempted with (2,4,6 and 8%) polyethylene 
glycol (PEG 6,000 MW) and 0.125% NaCI. The precipitate obtained 
in each case was suspended in extraction buffer and centrifuged at 
10,000 rpm for 10 min. The supernatant after diluting it with EB to 
bring it to the original volume was inoculated on assay host, C. 
amaranticolorio find out whether the virus is precipitated by PEG 
underthe experimental conditions. The clarified preparation obtained 
after low speed centrifugation was also inoculated on C. 
amarantlcolor \0T comparis on of virus infectivity. 
The results given in Table 6.8 indicate that the maximum 
recovery of the virus was with 6% PEG and 0.125% NaCI. 
Table 6.8 : Effectof PEGandNaClonthe precipitation of marigold yellow 
mosaic mottle virus. 
PEG (6,000 MW) with NaCI (0.125%) Average no. of local lesions/leaf* 
Control 55 
02 62 
03 65 
04 69 
05 72 
06 82 
07 71 
08 60 
09 55 
10 52 
*Average number of local lesions based on three experiments with three plants 
of C. amaranftco/orhaving 6 leaves each. 
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Purification Procedure : 
Grind 200g infected leaves of N. glutinosa in 400 ml of cold PO, buffer 
containing 0.1 % sodium sulphite and 0.1 % thioglycollic acid 
Squeeze through cheese cloth 
Emulsify the extract with 30% chloroform for 15 min 
Centrifuge at 5,000 rpm for 10 min 
Pellet + Chloroform Phase 
Discard 
Supernatant* (Aqueous Phase) 
Add 6% PEG (6,000) 
Stir for 30 min 
Keep at4°Cfor 1 h 
Centrifuge at 9000 rpm for 20 min. 
I 
Pellet** 
Suspended in 12 ml of 
0.05 MPO" buffer pH 7.0 
Supernatant 
Discard 
Keep overnight at 4°C 
Centrifuge at 10,000 rpm for 10 min 
Pellet Supernatant*** 
I (partially purified 
Discard virus suspension) 
*Assayed for virus infectivity on C. amaranf/co/or (Table 6.9). 
Fig. 6.7 : Flow diagram for the purification of marigold yellow 
mosaic mottle virus. 
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The partially purified virus suspension was milky white and highly 
infectious. Hence the procedure detailed in the flow diagram (Fig. 6.9) 
seems to be a suitable method for the isolation of marigold yellow 
mosaic mottle virus. 
Tabl« 6.9 : Relativeinfectivity of marigold yellow mosaic mottle 
virus at different steps of purification 
Steps of purification 
Control (Crude sap) 
Supernatant after 
1st low Speed* 
Precepitation with 
6% PEG** 
Supernatant*** 
(partially purified 
virus suspention) 
Number of 
local lesions/leaf 
126 
124 
105 
90 
Per cent relative 
infectivity 
100 
98.41 
83.33 
71.42 
(ix) Density Gradient Centrifugation 
Further purification of marigold yellow mosaic mottle virus was 
achieved by rate zonal density gradient centrifugation. The last traces 
of plant proteins and other remaining contaminants were removed by 
rate zonal density gradient centrifugation. Two ml partially purified 
preparation of the virus was loaded on sucrose density gradients, and 
centrifuged for 2 h at 24,000 rpm In a Beckman SW 25.1 rotor. The 
tubes when examined in a dark room by projecting a narrow beam of 
light down the tube from the top showed a light scattering band (Fig. 
6.0). This light scattering band was consistently present. Material 
removed from light scattering band when inoculated to the local lesion 
Fig. 6,8 : Sucrose gradient column with single light 
scattering band of marigold yellow mosaic mottle 
virus after centrifugation at 24,000 rpm for 2h. 
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host, C. amaranf/co/orinduced local lesions typical of the virus on the 
assay host. This light scattering band was removed and mixed with 
buffer (0.05 M, pH 7.0) and centrifuged at 35,000 rpm for 2 h in an 
ultracentrifuge. Pellet was resuspended in potasssium phosphate 
buffer (0.05 M, pH 7.0) and centrifuged for 5 min at 5,000 rpm. The 
resultant preparation was clear and treated as purified virus. 
7) UV-ABSORPTION SPECTRUM 
The purified virus suspensions obtained after density gradient 
centrifugation was examined in an UV-visible recording 
spectrophotometer. Information regarding the UV-absorption spectra 
of suitably diluted purified virus sample are presented in Table 7.1. 
Table 7.1 : Information derived from UV-spectrum of marigold 
yellow mosaic mottle virus 
A maximum 258 
A minimum 240 
A /A 1.075 
max. mm. 
A at 260 nm .641 
A at 280 nm .409 
\J\eo 0-638 
Nucleic acid percentage 18.57-
(Gibbs and Harrison, 1976) 
Purified preparation gave a UV-spectrum (200-300 nm) typical 
of nucleoproteins (Fig. 7.1). Maximum and minimum absorbance was 
recorded at 258 and 240 nm, respectively. Amount of nucleic acid In 
the virus was calculated to be about 18.52% by interpolation of the 
39UBqjosqy 
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Observed data on f^^J^so ""^ '^o '" ^^^ 9'aph (Gibbs and Harrison. 
1976). 
8) PHYSICOCHEMICAL PROPERTIES OF THE VIRUS 
(I) RNA Percentage of Marigold Yellow Mosaic Mottle Virus 
The RNA percentage of present virus isolate was 18.52. It was 
determined by using quadratic regression line and equation 
relationship as described by Gibbs and Harrison (1976). The ratio of 
A260 a"d A,3„ was 1.567. 
^260^^280 = 0.9320 + 0.0454 (RNA%) - 0.0006 (RNA%) 
Let the RNA% = x 
1.567 = 0.9320 + 0.0454(x) - 0.0006 (x)^  
1.567 - 0.9320 = 0.0454X - 0.0006x2 
0.0006x2- 0.0454X + 0.6350 = 0 
6x2 - 454x + 6350 = 0 
3x2-227x + 3175 = 0 
227 ± V(227)2 -
3X2 
227± V51529-
6 
227 ± V13429 
4X3X3175 
38100 
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227 ± 115.88 
X = 
6 
X = 18.52 
Hence RNA% = 18.52 
(li) Extinction Coefficient of the IVIYMM Virus 
On the basis of the equation and standard curve described by 
Gibbs and Harrison (1976) the extinction coefficient was (5.33) 
calculated as -
B"'"^ = 1.531 + 0.205 (18.52) 
1 cm 
= 1.531 + 3.7966 
= 5.33 
(lii) Buoyant Density in CsCI Solution 
The buoyant density of MYMMV was calculated by using the 
equation and the standard curve (Gibbs and Harrison, 1976) which was 
(1.347 g/cm^) calculated by the equation -
Buoyant density = 1.2922 + 0.0011 (18.52) + 0.0001 (18.52)2 
1.3126 + 0.0343 
1.381 g/crn^ 
(iv) Partial Specific Volume 
The partial specific volume of the present virus isolate was 
(0.742), calculated by using buoyant density as 1/1.381 = 0.724 
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(V) Molecular Weight of Virus Coat Protein 
Result shows in Table 8.1 and Fig. 8.1 that the molecular weight 
of the coat protein of MYMMV was 22.000 daltons when determined by 
SDS-PAGE. 
Table 8.1 : Molecularweightof coat protein of marigold yellow 
mosaic mottle virus. 
Proteins Distance of 
protein 
Migration(incm) 
Relative mobility 
(Rfr 
Mol. wt. 
(in daltons) 
Heavy Chain Myosin 
M-Protein 
a-actinin 
Actin 
Tropomysin 
Myosin Light Chain-1 
Virus Coat Protein 
Troponin-C 
0.3 
2.0 
2.3 
3.45 
4.35 
4.60 
4.80 
5.25 
0.526 
0.350 
0.403 
0.605 
0.763 
0.807 
0.842 
0.921 
2,00,000 
1,60,000 
1.10,000 
46,000 
39,000 
25,000 
22,000 
(Calculated 
by Fig. 8.1) 
18,000 
Note : Distance of tracking dye migration was 5.7 cm. 
Distance of protein migration 
*Rf 
Distance of tracking dye migration 
9. CHARACTERISTIC OF VIRAL NUCLEIC ACID 
(i) Isolation of Viral Nucleic Acid 
The viral nucleic acid gave positive results when it was assayed 
on C. amaranticolor. When the extracted viral nucleic acid was treated 
with pancreatic ribonuclease it could not produce any infection on C. 
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Fig. 8.2 : Photograph of gel (after staining and destaining) showing 
bands of known molecular weight proteins (left) and virus 
coat protein (right). 
B l - Myosin heavy chain (200 KD) 
E 2 - M-protein(160KD) 
B5- a-actinin(110KD) 
6 4 - Act in(46KD) 
B5-' Tropomysin(39KD) 
B^ - Myosin light chain-l (25 KD) 
B7- Troponin-C (18 KD) 
V - Virus coat protein (22 KD) 
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amaranticolor, thus indicating that the infectious preparation was 
infact that of RNA. 
The infectivity of viral nucleic acid (on the basis of dilutions) was 
compared with standard inoculum on a assay host, C. amaranticolor. 
The results presented in the Table 9.1 revealed that the isolated 
nucleic acid was about 1% infectious ascompared to the infectivity of 
standard inoculum. 
Table 9.1 : infectivity comparision of marigold yellow mosajc 
mottle virus and its nucleic aid. 
Dilutions Average no. of local lesions/leaf* ^ 
Standard Viral nucleic 
Inoculum acid 
Control 132 48 
10-^  108 31 
10-2 75 18 
10-3 32 3 
10-" 17 0 
10-s 4 0 
*Average number of local lesions/leaf based on 2 experiment with 
three plants of C. amaranticolor having 6 leaves each. 
(ii) Type of Nucleic Acid 
The nucleic acid of marigold yellow mosaic mottle virus displayed 
a blue colour in the orcinol reaction after placing in water bath (at 
boiling temperature) for 45 min while the diphenylamine reaction could 
not change colour. It indicates that the nucleic acid of MYMMV has 
RNA as genetic material. 
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10. ELECTRON MICROSCOPY 
(i) Morphology of Virus Particles 
A collodion coated carbon back filmed copper grids with clarified 
virus concentration obtained fronn virus infected N. glutinosa were 
negatively stained with 2% (w/v) uranyl acetate solution and examined 
in a JEOL-JEM-IOOs electron microscope. Negatively stained 
preparations revealed the presence of isometric virus particles (Fig. 
10.1) 29 nm in diameter. A small hollow area due to stain entry, in the 
centre of virions was also observed. 
(ii) Subcellular (Cytoplasmic) Studies 
When ultrathin sections of marigold yellow mosaic mottle virus 
infected tissues of N. glutinosa leaves were examined in an electron 
microscope, the virus particles were found to be distributed in all 
parenchymatous cells. Some of the infected cells showed the following 
ultrastructural changes. 
Virus particles occurred in microbody-like structures were also 
present in cytoplasm and vacuoles. Vacuole appeared to develop 
around the microbody like structure, followed by expension of the 
vacuole and release of protein matrix covered virus particles (Fig 
10.2). In due course, virus particles embeded in proteinaceous matrix 
leaked into the central vacuole (Fig. 10.3). These changes are often 
encountered in cucumovirus infected cells. 
,;jL«».aB^» * » • • "-*»_'t?¥_ 1" • 
Fig. 10.1 : Electron micrograph showing isometric virus 
particles from a negatively stained preparation of 
clarified virus concentration obtained from virus 
infected leaves of N. glutinosa L. A small hollow 
area, due to stain entry is also seeing. 
Bar = 250 nm. 
Fig. 10.2 : Electron micrograph showing ultrastructure of MYMMV 
infected cell. Virus particles (V) are packed in microbody like 
(M) structure and are also present in cytoplasm and vacuoles 
(Va). Vacuole appears to develop around the microbody 
structure, followed by expansion of the vacuole and release of 
protein matrix covered virus particles. CV = Central Vacuole. 
Bar = 500nm. 
Fig. 10.3 : Electron micrograph showing the central vacuole (CV) zone 
of marigold yellow mosaic mottle virus infected cell. Virus 
particles (V) embedded in the proteinaceous matrix leaked 
into the central vacuole are seen. Bar = 500 nm 
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11. SEROLOGY 
(i) Homologous Reaction 
Tube Precipitin Test 
With the help, of precipitation tests carried out with different 
combinations of antigen and antiserum (using combination of two fold 
dilution of antigen and antiserum) the titre of the antiserum was found 
to be 1:256 and the antigen end point was 1:512 (Table 11.1). 
Ouchterlony Gel Double Diffusion Test 
Double diffusion tests in plates were carried out using phosphate 
buffer (0.05 M, pH 7.0) containing 0.8% agarose with sodium azide 
(0.02%), where visible and clear immunoprecipitin band was formed. 
Although sodium azide had no effect on the formation of precipitin 
band, but it was preferred for keeping gel medium free from microbial 
conta mination. Viral antigen (marigold yellow mosaic mottle virus) 
suspended In 0.05 M phosphate buffer pH 7.0 showed best results. 
Double diffusion tests in which purified preparation of marigold yellow 
mosaic mottle virus, sap from infected N. glutinosa leaves and sap 
extracted from healthy N. glutinosa leaves were set up in the wells, 
surrounding a central well containing marigold yellow mosaic mottle 
virus antiserum, precipitin lines were formed between the antiserum 
well and the well containing purified virus preparation and also between 
the antiserum well and the well containing sap extracted from infecter' 
N. glutinosa leaves (Fig. H . D J J o precipitin line was found between 
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Fig. 11.1 : Double diffusion test in agarose with marigold yellow 
mosaic mottle virus and its antiserum. Central well 
contains MYMMV antiserum, well no. 1 and 3 sap from 
healthy N. glutinosa leaves and phosphate buffer (0.05M, 
pH 7.0) respectively. Well no. 2 contains purified 
preparation and well no. 4 contains sap from MYMMV 
infected N. glutinosa leaves. 
Fig. 11.2 : Heterologous reaction in agarose gel with MYMMV 
antiserum and different antisera. Central well contains 
MYMMV antiserum. Well no. 1 contains A/S CMV-SS, 
well no. 2 purified preparation of MYMMV, well no. 3 A/S 
CMV-P and well no. 4 contains A/S cPMV. 
the antiserum well and the well in which sap from healthy N. glutinosa 
leaves was set up. 
(ii) Heterologous Reaction 
Immunodiffusion tests in gel were performed using marigold 
yellow mosaic mottle virus preparation as antigen and the antiserum of 
different virus isolates having similar particle morphology. Four strains 
of cucumovirus viz. CMV-K8, CMV-SS, CMV-P and cPMV and PLRV 
were used for serological relationship of the virus under study. 
The results of immunodiffusion tests performed three times 
indicate that the Marigold yellow mosaic mottle virus is closely related 
to CMV-SS and CMV-P against which it gave strong reactions and 
produced very sharp and clear precipitin bands. No bands were 
observed against CMV-K8, cPMV and PLRV (Fig. 11.2). 
12. IMMUNOSORBENT ELECTRON MICROSCOPY (ISEM) 
/ 
(i) Trapping : 
In homologous reactions, large number of marigold yellow mosaic 
mottle virus particles were trapped on the antiserum coated grids. In 
heterologous reactions, maximum virus particles were trapped on 
CMV-SS and CMV-P antiserum coated grids, PLRV antiserum trapped 
minimum number of marigold yellow mosaic mottle virus particles (Table 
12.1 and Fig. 12.1). 
Therefore, on the basis of trapping, it is concluded that the virus 
under study is closely related to CMV-SS and to CMV-P. 
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Fig. 12.1 : Electron micrograph showing trapping and 
decoration of the virus particles with A/S to 
soybean stunt cucumo virus (Trapped virions were 
fixed with 3% buffered glutaraldehyde before 
decoration). Virions show moderate binding of 
antibodies. Bar = 250 nm. 
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Table 12.1 : Serological relationship of marigold yellow mosaic 
mottle virus based on trapping intensity of the 
virus particleswith the antisera of different strains 
of cucumovirus group. 
Coating serui 
Normal serum 
m/antiserum 
(control) 
No coating (control) 
CMV-K8 A/S 
CMV-SS A/S 
CMV-P A/S 
PLRVA/S 
CPMVA/S 
No. of virions 
trapped* 
2 
7 
8 
16 
16 
2 
3 
Trapping 
index 
-
3.5 
4.0 
8.0 
8.0 
1.0 
1.5 
*Number of virions field of view through 10 X binocular at 35,000 
magnification (i.e. 3,50,000 X final). Average of 30 counts, 10 counts/ 
hole. 
(ii) Decoration 
There was moderate decoration of marigold yellow mosaic mottle 
virus particles with A/S to CMV-SS and A/S CMV-P but no perceptible 
decoration with A/S to CMV-K8. A negligible decoration with A/S to 
PLRVand cPMVwas observed (Table 12.1). 
DISCUSSION 
Chapter - 5 
DISCUSSION 
Marigold {Tagetes erecta L.) is an ornamental flowering plant 
widely grown in North India. During a survey of virus diseases of 
ornamentals, marigold was found to be affected by a virus disease 
showing characteristic mosaic mottling on leaves with stunted growth 
of the plants and poorly developed flowers. Severely affected plants 
showed no flower setting and if any is developed its color is faded. 
Investigations were carried out to establish the identity of the causal 
agent of the disease. 
The disease was transmitted with ease by mechanical sap 
inoculation, through seeds of infected plants and by three species 
of aphids viz. Aphis gossypii, A. Craccivora and Myzus persicae but 
not by whitefly Semes/a tabaci, soil and dodder (e.g. Cuscuta 
chinensis, C. reflexa). Experimental host range studies revealed that 
the virus causing the disease has a moderate host range. Out of 70 
species of plants belonging to 12 families, 27 species belonging to 5 
families were found susceptible, while 43 species belonging to 12 
families were insusceptible. Most of the hosts of the virus isolate were 
in the family Cucurbitaceae, Chenopodiaceae, Fabaceae, and 
Solanaceae. Chenopodium amaranticolorand C. qw/noa were found 
to be good local lesion hosts. C. amaranticolorvjas used for quantitative 
assay of the virus. 
Marigold yellow mosaic mottle virus in crude sap lost infectivity 
at a dilution of 10"^  and after heating for 10 min at 60°C. In crude sap 
of infected plants it retained infectivity up to 72 h at room temperature 
(25 ± 5°C) and for about 162- h at 4°C. The virus attained highest 
concentration 12 days after mechanical inoculation, in the leaves of N. 
glutinosa which was used for propagation of the virus. It is interesting 
to note that the virus was present in stem, root and even petals of 
flowers of inoculated plants but the concentration was much less as 
compared to the leaves. 
Phosphate buffer (0.05M,pH 7.0) containing sodium sulphite 
(0.1%) and thioglycollic acid (0.1%) wasfound to bethe most suitable 
extraction medium. Clarification of crude sap was achieved by 
emulsification with 30% chilled chloroform. Purification of marigold 
yellow mosaic mottle virus involved precipitation of the virus from 
clarified extract with 6% PEG; suspension of the precipitate in 0.05M 
phosphate buffer pH 7.0 followed by one cycle of differential 
centrifugation. Further purification was achieved by rate zonal density 
gradient centrifugation on sucrose columns. The columns when 
examined in a dark room by projecting a narrow beam of light from the 
top exhibited a light scattering band. Infectivity was found associated 
with this band. 
The purified preparation gave an UV-spectrum characteristic of 
nucleoproteins with Ajgo/A g^o ratio of 1.567 indicating approximately 
18.52% nucleic acid in the virus particle. SDS-PAGE of viral capsid 
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showed only one type of protein sub-unit with a molecular weight ot c. 
22000 daltons. 
Electron microscopic studies of crude sap of infected marigold 
leaves revealed the presence of spherical particles 29 nm in diameter. 
In purified preparations the concentration of the virus was found much 
higher as compared to crude sap. 
Antiserum against the MYMMV raised in rabbit showed a titre of 
1:256 in tube precipitin test. Immunosorbent electron microscopy 
revealed that the virus is closely related serologically with CMV-SS and 
CMV-P. 
As evident from the review of literature not many viruses have 
been reported on marigold. The first virus reported in the literature to 
cause mosaic disease on marigold (Hanson etal., 1951) has not been 
identified and the virus reported to cause this disease in nriarigold by 
Usman et al. (1972) was not transmissible by sap and by any species 
of aphids unlike the present virus isolate. Joshi and Dubey (1972) 
described a mosaic disease of Tagetes and identified their isolate to 
be cucumber mosaic virus. MYMMV resembles the virus isolated by 
Joshi and Dubey in some respects but detailed comparison is not 
possible due to a rather limited characterisation by them. 
Sang and Varma (1975) isolated a virus causing mosaicdisease 
of marigold which they designated as Marigold mosaic virus and 
identified it as a member of Cucumo Virus Group. This isolate resembles 
MYMMV in mode of transmission and several other respects. Except for 
toleration to dilution where the difference between the two isolates is 
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marked they have similar physical properties in plant sap. Phaseolus 
mungo, P. aureus and Trigonella foenum-graecum eyoked local lesions 
on inoculation by MYMMV were insusceptible to the isolate of Sang and 
Varma. The isolate of Sang and Varma induced mosaic symptoms on 
Calendula officinalis, Tagetes patula, Zinnia elegans and Cucurbita 
pepo, whereas MYMMV did not infect any of these plants. The ratio of 
absorbance at 260 and 280 nm is 1.567 for MYMMV whereas Sang and 
Varma have reported Ajgo/A^go value of 1.16. This indicates a very low 
content of RNA for the isolate of Sang and Varma and is inconsistent 
with the reported content of about 18% RNA for cucumovirus. 
The other viruses which were reported to cause mosaic disease 
on marigold Naqviefa/. (1981) and Rahaman and Rao (1992) call for 
no comparison with MYMMV as they have elongated flexuous particles. 
Misawa and Ehara (1966) made electron microscopic studies of 
tobacco host cells infected with cucumber mosaic virus. CMV particles 
(20-25 nm diam.) were distributed in the cytoplasm at random or 
partially packed in crystalline array but were not observed in 
chloroplasts, nuclei or mitochondria. In the uitrastructural studies of 
tobacco leaves (A/, glutinosa) Infected with MYMMV the virus particles 
were found distributed in parenchymatous cells, in cytoplasm and in 
central vacuole. 
Ehara and Misawa (1973) studied infection of cucumber mosaic 
virus, leaf growth and appearance of mosaic symptoms. The cytoplasm 
of cells in the yellow parts of the leaves contained unit membrane 
structures to which some of the virus particles attached, although 
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several particles were also free In the cytoplasm. Large crystals 
consisting of virus particles were found in the central vacuole Particles 
were also present in chloroplast, plastids and the nucleus. 
In ultrathin sections of tobacco leaves infected with CMV, Honda 
and Matsui (1974) virus particles were found in nuclei while no virus 
particles were found in the chloroplasts and mitochondia as in the case 
of MYMMV. 
Various strains of CMV have been characterized in two groups 
designated ToRS and DTL (Devergne and Cardin, 1973, 1975). CMV-
K8 has been reported to be more closely related to CMV-To which falls 
in the CMV group ToRS (Tobias et ai, 1972). CMV-P and CMV-SS are 
closely related to the type strain of CMV (Tochihara and Tamura, 1976; 
Takahashi et al., 1980) which belongs to the CMV group DTL. 
Immunosorbent electron microscopy revealed that MYMMV is closely 
related serologically to CMV-SS and CMV-P. Thus the virus causing 
marigold yellow mosaic mottle appears to belong to the DTL group of 
CMV. It is concluded that the cucumovirus infecting marigold is a strain 
of CMV belonging to the DTL-subgroup of CMV. 
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